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INTRODUCTION

To protect the quality of the air we breath, the environment we work
in, and the water we drink, the Clean Air Act was passed in 1955, the
Occupational Safety and Health Act in 1970, and the Safe Drinking Water Act
Amendments in 1986. The Resource Conservation and Recovery Act (RCRA) was
enacted as Public Law 94-580 in 1976. RCRA was amended by the Used 0il
Recovery Act of 1980 and the Hazardous Solid Waste Amendments of 1984. The
primary goal of RCRA is to protect human health and the environment. It is
RCRA that provides for the "cradle to grave" management of hazardous waste,
from generator to transporter to storage or disposal. The Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), commonly
known as Superfund, was passed into law in December 1980. The Superfund
Amendments and Reauthorization Act (SARA) was signed into law on October
17, 1986. The Superfund program identifies hazardous waste sites,
evaluates waste damage to natural resources, ensures clean up by
responsible parties or government, and establishes a claims procedure for
costs or damages. Superfund regulations affect past actions rather than
ongoing activities.

The establishment of the Superfund and RCRA programs reflects our
society’s use of hazardous substances and, at the same time, our concern
for the health and environmental dangers these substances present. The
Environmental Protection Agency (EPA) is the primary United States
government agency authorized to develop regulations to carry out and
enforce the statutes in all five of these programs. In response, the EPA
has developed the first priority list of over 100 of the most hazardous
substances, standards for control and monitoring of air pollution, and
regulations and guidelines for the presence of drinking water contaminants.

This report summarizes information on physical, chemical and
thermodynamic properties, uses, fire and explosion hazards, handling
precautions, health hazards, and toxicity for 107 hazardous substances and
water. Twenty of these are some of the most commonly occurring organic
ground water contaminants found at hazardous waste disposal sites (Plumb
and Pitchford, 1985). Ninety-eight are on the U.S. Environmental
Protection Agency "top 100" hazardous substances list, and 35 are regulated
drinking water contaminants. The 107 hazardous substances are mostly
organic chemicals, but there are a few inorganic compounds and some
elements.

The EPA top 100 list actually contains more than 100 substances
because many are grouped together (see Table 1). Nineteen substances on
the list are left out of this report because of lack of data (see Table 2).
Some of the top 100 substances, such as cyanide, are included as their most
commonly occurring compounds. Other substances on the list, such as total
xylenes, are represented by the individual isomers. 1In the case of the
seven PCBs on the EPA list, only one is represented.

The Chemical Abstracts Service Registry Number (CAS RN) is provided
as a unique identifier for each substance. The substances in this report
appear in alphabetic sequence and generally are named using nomenclature
standards established in the Chemical Abstracts Service Registry Handbook
(American Chemical Society, 1980). A few are listed using their more
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familiar names (such as DDT). Water is included for reference and as a
standard for calibration and comparison and because it is the most common
solvent in the environment.

The data were compiled from handbooks, texts, and reports listed in
the annotated reference, the electrochemical data reference, and the clay-
organic interaction reference sections. Annotated references are noted in
brackets following the numeric data and other information for each
substance. Rather than selecting what we thought was the best property
value for a substance, we included most of the values found and let the
reader decide the most reasonable. The order of the reference numbers is
random and not meant to suggest one is more significant than another. In
almost all cases, the cited references are not the primary investigators.
The references should be examined to determine accuracy of the data and for
more complete discussions of data acquisition and meaning.

Though 119 sources were used for the over 14,000 occurrences of
property data references in this report, Sax (1984)[51], Dean (1985)[10],
Weast (1988)[105], Riddick and others (1986)[49], and Weiss (1986)[107]
accounted for about 50 percent of the data. Twenty-five percent of the
information was taken from Hawley (1981)[22], Mackison and others
(1981)[32], Verschueren (1983)[104], Windholz (1983)[108], and Sittig
(1985)[56]. The remaining 25 percent of the data was taken from the other
references. Laboratory work by Edgar Ethington (1990 and personal
communication, [18]) provided contact angle measurements, which up to now
generally have not been available.

Definitions for all properties and conversion factors are discussed
in "The Properties"™ section. Synonyms, including codes, registered and
unregistered trade names and common and generic terms are supplied in the
listings for each substance. Please note that some synonyms were
incorrectly applied in the literature but are included here because of
former usage. Molecular formulas are given and, for complex molecules, the
structural formula. Fire and explosion hazards are briefly summarized in
terms of explosive limits, flash points, extinguishing agents, and
incompatible materials. The various uses of the substances are noted as
well.

The health and toxicity data represent observed as well as speculated
effects on humans. The primary references for this information were
Strauss and Kaufman (1976)[57], Mackison and others (1981)[32], Verschueren
(1983)[104], Sax (1984)[51], and material safety data sheets (MSDS),
especially the Sigma-Aldrich MSDS (Sigma-Aldrich Corp., 1989, [55]).
Detailed discussions of the toxicity of the elements and inorganic
compounds are contained in Seiler and Sigel (1988)[54]. 1In the sections on
toxic exposure, "adult human", "child", or "infant" means gender was not
specified in the reference. Often, there was a distinction made between
adult males and adult females. The reader should consult the original
reports for more detail.

The procedures and information in the Incompatibility, Handling,
Health effects, Toxicity, and Exposure sections for each substance reflect
safe laboratory practices and the availability of health hazard studies,
but are presented in summary form. The references and the original RTECS
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(NIOSH Registry of Toxic Effects of Chemical Substances) entries should be
consulted for more complete information and to assure compliance with
safety regulations. It is the user’s responsibility to determine the
suitability of this information for the adoption of appropriate safety
precautions. Appropriate manuals (such as Mackison and others, 1981,
Bretherick, 1981, and material safety data sheets) should be referred to
for first aid procedures. All substances should be disposed of in
accordance with all applicable federal, state and local environmental
regulations. Contact local, state, and federal health and waste management
and regulatory agencies for proper and legal disposal and handling
procedures. This report does not, and is not intended to, replace Material
Safety Data Sheets in the laboratory.

Tables near the beginning of this report catalog the most frequently
occurring compounds at hazardous waste sites, rank the 108 selected
substances based on various properties, and classify the substances
according to use. A table is also included that presents the maximum
contaminant levels and goals established by the EPA for drinking water
contaminants. A brief bibliography and an index of synonyms conclude the
report.

The data and information compiled in this report represent a portion
of the toxic waste geophysics investigations being conducted by the U.S.
Geological Survey, and part of the database in the Geophysics Advisor
Expert System developed by Olhoeft (1988, 1992). This report is the last
of a series of expansions and revisions of the USGS Open-File Report 87-428
(Lucius, 1987, Lucius and others, 1989 and 1990). The authors are not
aware of any other single document that presents such a comprehensive list
of properties for the selected substances.

This report is intended to be used principally by US EPA Superfund
Site Managers. However, it also may be useful to field engineers,
laboratory investigators, scientists, and others involved with hazardous
waste management and investigations. It may be particularly useful to
those assigned the responsibility of rating hazard potential of waste
disposal facilities. The EPA has adopted a system for rating hazard
potential of waste disposal facilities which includes assessing waste
characteristics (Kufs and others, 1980). The rating factors for
determining waste characteristics are toxicity, radioactivity, persistence,
ignitability, reactivity, corrosiveness, solubility, volatility, and
physical state. All of these factors (excluding radioactivity) are
discussed in this report. This Open-File Report may be freely copied and
distributed.

Jeff Lucius

U.S. Geological Survey, [Branch of Geophysics]
Box 25046, DFC, MS 964

Denver, Colorado 80225-0046
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THE PROPERTIES

This section contains brief discussions of the physical and chemical
properties used in this report. A list of abbreviations and a conversion
table for SI to cgs or English systems are also included. Property values
are reported in SI units. An exception is temperature which is referred to
in degrees Celsius (rather than Kelvin). Definitions were compiled from
various sources in the reference and bibliography sections.

Definitions

Autoignition temperature. The minimum temperature at which a
substance can ignite or combust in the absence of a flame or spark. Also
referred to as autoignition point or ignition point. Given in degrees
Celsius at atmospheric pressure, unless stated otherwise.

Boiling point. The temperature at which the vapor pressure of a
liquid is equal to or slightly greater than atmospheric pressure. Standard
values are measured at one atmosphere and in degrees Celsius. Non-standard
pressures are noted.

CAS Registry Number (CAS RN). A unique identifier assigned by the
American Chemical Society to chemicals recorded in the Chemical Abstracts
Service Registry System. This number can be used to access many chemical
databases and to conclusively identify a substance regardless of name.

Ceiling 1imit (CL). American Conference of Governmental Industrial
Hygienists (ACGIH) Threshold Limit Value (TLV). The ceiling limit is the
concentration of a substance in air which can not be safely exceeded, even
instantaneously.

Compressibility. The change in liquid density with pressure,
measured as the ratio of volume change per unit change in pressure at a
specified pressure (in this report, approximately one atmosphere). Units
are reciprocal Pascals (Pa’!).

Contact angle. The angle (in degrees) a liquid drop of a substance
makes on a specified substrate. The angle is measured through the liquid
to a line tangent to the edge of the drop making contact with the
substrate. Only four substrates are reported: quartz, calcite, biotite,
and Ca-montmorillonite. Contact angle can be reported in three ways:
sessile, advancing, and receding. The sessile contact angle is for a
stable, non-moving drop on a smooth, flat, level substrate. For drops of
liquid that are expanding, the advancing angle is measured at the moving,
leading edge. The receding angle is measured for a contracting drop at the
trailing edge. The larger the angle (in degrees), the more spherical the
shape of the drop, and the more phobic the substance is to that substrate
(i.e. non-wetting). See [18] for a more complete discussion of the
measurements, procedures, and uses.

Critical pressure. The lowest pressure, in megapascals (MPa), that
will liquify a vapor phase at its critical temperature. Above the critical
pressure the liquid and vapor phases are no longer distinguishable.
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Critical temperature. The temperature (in degrees Celsius) above
which the vapor phase cannot be condensed by an increase in pressure.

Dielectric constant. See relative dielectric permittivity.

DOT Designation. A four digit number assigned by the U.S. Department
of Transportation for hazardous materials and is identical to the United
Nations identification number (which is preceded by the letters UN). This
number is required on shipping papers, placards, and labels. DOT numbers,
if available, can be found in the synonym lists.

Dynamic viscosity. The ratio between the applied shear stress and
the rate of shear. The force per unit area necessary to maintain a unit
velocity gradient at right angles to the direction of flow between two
parallel planes a unit distance apart. Also called coefficient of
viscosity. Given in millipascal-seconds, 107 Pa-s (mPa-s).

Electric dipole moment. The distance (in meters) between charges
multiplied by the quantity (magnitude) of electric charge (in coulombs).
Occurs in molecules in which the atoms and their electrons and nuclei are
so arranged that one part of the molecule has a positive charge while the
other part is negatively charged. Given here for the gas phase of the
substance in coulomb-meters (C-m).

Electrical resistivity. The property of a material that resists the
flow of electrical current. Resistivity is the ratio of the electric field
bewteen parallel surfaces of a cube of the material to the cureent density
flowing perpendicular to these surfaces. Units are megohm-meters (MOhm-m,
1 million Ohm-m) for current flow in the pure liquid or solid phase of the
substances. The reciprocal of resistivity is conductivity.

Evaporation rate. The ratio of the time of evaporation of a specific
amount of a substance compared to the evaporation time of the same amount
of butyl acetate. A relative value where butyl acetate has a value of 1.

Explosive limits. The range of concentrations of a flammable gas or
vapor (percent by volume in air) in which an explosion can occur upon
ignition in a confined area.

Flash point. The minimum temperature (in degrees Celsius) at which
the vapor pressure above a liquid or solid is high enough to result in
ignition. Substances with flash points <100°C can be considered dangerous.
Testing methods noted, if reported in the literature, are open Cleveland
cup (OC) (ASTM method D93) and Tag closed cup (CC) (ASTM method D56). The
open cup method is more representative of natural conditions.

Gibbs (free) energy. The maximum useful work that can be obtained
from a chemical system without net change in temperature or pressure.
Under conditions of constant pressure and temperature, a process can only
occur in the direction of decreasing Gibbs (free) energy. Given in
kilojoules per mole (kJ/mol) at the specified temperature.
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Half-lives. The half-lives of a substance reflect observations of the
rate of disappearance of a substance in ground water or soil; no loss
mechanism is specified. These values are highly variable and the original
reference should be consulted concerning how the measurements were
conducted and the controlling factors such as temperature and nature of the
media. Principal means of degradation are biodegradation and hydrolysis.
Given as a range (minimum to maximum) in hours (hr).

Heat. A mode of energy associated with and proportional to molecular
motion. It can be transferred from one body to another by radiation,
convection or conduction.

Heat capacity. The quantity of heat required to raise a liquid
chemical system one degree in temperature with constant pressure. Given in
kilojoules per mol-degree Kelvin (kJ/(mol-K)).

Heat of combustion. The amount of heat released in the oxidation
(burning) of one mole of a substance at constant pressure or constant
volume. A negative value indicates that heat is given off. Given in
kilojoules per mole (kJ/mol) at the specified temperature.

Heat of formation. The heat evolved or absorbed when a compound is
formed in its standard state from elements in their standard state at 25°C
and one atmosphere. A negative value indicates heat is given off. Given
in kilojoules per mol (kJ/mol).

Heat of melting. The heat required to convert one mole of a
substance from the solid to the liquid state with no temperature change.
Also referred to as heat of fusion. Given in kilojoules per mole (kJ/mol).

Heat of sublimation. The heat required to convert one mole of a
solid to a vapor at constant pressure and temperature without the
appearance of liquid. Given in kilojoules per mole (kJ/mol).

Heat of vaporization. The heat required to convert one mole of a
liquid to the gaseous phase with no temperature change. Given in
kilojoules per mole (kJ/mol) at the boiling point of the liquid or as
specified.

Henry's law constant (H). The air/water partition coefficient. It
relates the substance (solute) concentration in the gas phase to its
concentration in the water phase. In other words, it is the ratio of the
partial pressure of a substance in air to the concentration of the
substance in water at a given temperature under equilibrium conditions. A
non-dimensional H can be calculated using the following formula,

Sa
H =

Sw
where
H = dimensionless Henry'’s law constant
Sa = solute concentration in air (mol/L)
Sw = aqueous solute concentration (mol/L).
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Alternatively, a dimensional H can be calculated using,

P X FW
H =
S
where
H’ = Henry's law constant (kPa-m3/mol)
P = vapor pressure (kPa)
FW = relative molecular mass (g/mol)
S = solubility (mg/L)

H is a useful parameter for quantifying the potential for volatilization of
dissolved compounds. Both dimensional and dimensionless values are
reported.

Hydrolysis half-life. The time (in seconds) for half of the
concentration of an organic chemical in water to undergo a hydrolysis
reaction (see Dragun, 1988). Hydrolysis is a chemical reaction in which
water reacts with another substance to form two or more new substances and
ionization of the water molecule. Hydrolysis only applies to a limited
number of substances that have hydrolyzable groups. These include esters,
aliphatic halogens, amides, carbamates, and phosphate esters.

IDIH value. The Immediately Dangerous to Life and Health exposure
concentration guidelines developed by NIOSH and OSHA. They represent a
maximum concentration (in ppm) from which a person could escape within
thirty minutes without any impairing symptoms or irreversible health
effects.

Ionization potential. The minimum energy required to remove the
least strongly bound electron from a molecule to form a positive ion.
Given in electron volts (eV). Symbols for some principal measurement
methods are:

EI - electron impact
PE - photoelectron spectroscopy
P1 - photoionization
S - optical spectroscopy
VUS - vacuum ultraviolet spectroscopy.

Kinematic viscosity. The ratio of the dynamic viscosity to the
density of a fluid. Given in micrometers squared per second, 107 m?/s
(pm?/s). Calculated from the dynamic viscosity and specific gravity.
These values are approximate as the density varies slightly with
temperature.

Lower explosion limit (Jel). The minimum volume percent of a

substance in air which can be ignited.

Loss tangent. The dielectric loss tangent. The ratio of imaginary
to the real portions of the complex permittivity. It is a measure of the
dielectric loss, i.e. the energy loss per cycle in a dielectric material
due to conduction and slow polarization currents or other dissipative
effects. Also referred to as the dielectric dissipation factor.
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Magnetic volume susceptibility. A measure of the degree to which a
substance may be magnetized. It is the ratio of the intrinsic induction
due to the magnetization of a material to the induction in vacuum due to
the influence of the corresponding magnetizing force, a dimensionless
quantity. All the substances in this report with values listed are called
diamagnetic, that is, their magnetic susceptibilities are very slightly
negative.

Melting point. The temperature, in degrees Celsius, at which the
liquid and crystalline phase of a substance are in equilibrium, usually
measured at one atmosphere. The term is often used interchangeably with
freezing point.

Molarity. A one molar concentration (M) equals one mole of a
substance dissolved in one liter of solution.

Molecular formula. A symbolic representation of the number of atoms
or groups of atoms relative to each other.

Mole (mol). The amount of pure substance containing Avogadro’s
number of atoms or molecules (i.e., 6.022045 x 1023). It is the number of
atoms in exactly 12 grams of carbon!?2. For example, 10 grams of Hz0 will
contain 10.0/18.0152 moles of H;0 = 0.5551 mol, where 18.0152 is the
molecular mass of Hz0 relative to carbonl?.

Molecular weight. See relative molecular mass.

Octonal /Water Partition coefficient (pPoct). A partition coefficient
is the measure of the distribution of a given compound (solute) in two
phases and expressed as a concentration ratio, assuming no interactions
other than simple dissolution. It is the ratio of the equilibrium
concentration C of a dissolved substance in a two-phase system consisting
of two generally immiscible solvents, in this case n-octanol and water.
The octonal/water partition coefficient is often used as a descriptor of
hydrophobicity. Partition coefficients are valuable in describing the
environmental behavior of compounds in terms of soil or sediment adsorption
and biological uptake, and can be related to molecular surface area and
molar refractions. It is usually given as the logarithm (to base 10) of
the ratio.

Coctanol
PPoct = 10g1o
Cuater

pH. A value taken to represent the acidity or alkalinity of an
aqueous solution. It is defined as the negative logarithm (to base 10) of
the hydrogen ion concentration of a solution. pH = -logio[H']. For
example, pure water dissociates to H' and OH™ with a concentration [H'] =
1x1077 parts to one part water, a pH of 7. An acid solution has a pH value
less than 7. Basic solutions have a pH greater than 7.
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pK. A measure of the completeness of an incomplete chemical
reaction. Defined as the negative logarithm (to base 10) of the
equilibrium constant, K, for the reaction in question. pK = -log K. K is
defined for the reaction aA + bB &> cC + dD as:

[c]e x [D]4
K _—e—
[a]® x [B]P

Ka. The negative log (to base 10) of the acid dissociation constant
which is
[H*][A7]
Ky = ————
[HA]

where [] indicates the molar concentration for dilute solutions.

pKa = -logioKa. It expresses the extent of dissociation, or the strength,
of weak acids. The smaller the pK,, the more readily the acid dissociates
(i.e., the stronger the acid). Strong acids will have pKa values less than
5, and weak acids will have pK, values greater than 5. In a solution of a
weak acid, if the concentration of undissociated acid is equal to the
concentration of the anion of the acid, the pK will be equal to the pH.

The degree of dissociation affects processes such as photolysis (adsorption
spectra), protolysis, evaporation from water (ions do not evaporate), soil
or sediment absorption, and bioconcentration. The pK,; is important for the
following chemical classes: phenols, carboxylic acids, and aliphatic and
aromatic amines.

pKes. The negative log (to base 10) of the ionization constant of a
protonated base.

pKs. The negative log (to base 10) of the autoprotolysis constant of
a solvent employed in nonaqueous acid-base titrations in 0.01M solution.

pKw. The negative log (to base 10) of the ionization constant of
water.

Refractive index. The dimensionless ratio of the velocity of light
(normally using the yellow D line of the sodium spectrum, 589.6 nm) in air
to its velocity in the substance. Measured at 20°C, or as noted.

Relative dielectric permittivity. The dielectric permittivity of a
substance relative to that of free space (8.854x10712 farad/meter).
Sometimes called dielectric constant, it is a ratio without units. As the
real part of the relative complex permittivity, it is a measure of the
capacity of a material to store charge under an applied electric field.

The relative dielectric permittivity is temperature and frequency dependent
and these values are noted if cited in the literature.
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Relative molecular mass. The sum of the relative atomic masses
(formerly atomic weights) of the elements in a molecule. Formerly referred
to as molecular weight. Molecular mass is a fundamental characteristic of
a chemical compound and can be used to estimate other properties. The
calculation of relative molecular masses was made using the following
values from [105].

Bromine = 79.904

Carbon 12.011

Chlorine = 35.453

Fluorine = 18.9984

Hydrogen = 1.00794

Nitrogen = 14.0067

Oxygen = 15.9994

Potassium = 39,0983
Sodium = 22.9898
Sulfur = 32.06

Relaxation time. The dielectric relaxation time constant. The
reciprocal of the preferred frequency at which the maximum dampening of the
polarization processes in materials occurs. The time, in seconds (s), for
a current to decay to l/e = 0.368 of its value after termination of the
electromagnetic field.

Short Term Exposure Limit (STEL). American Conference of
Governmental Industrial Hygienists (ACGIH) TLV value. The STEL is a 15-

minute time-weighted average exposure concentration (in ppm) which should
not be exceeded any time during an eight hour work day. Excursions to the
STEL level should be separated by one hour, should not be longer than
fifteen minutes in duration, and should not be repeated more than four
times a day.

Solubility. The ability of a substance to be dissolved in various
solvents. It is described in this report as follows, using weight
percentages (wt%):

miscible (dissolves 100%)
very soluble (>50%)

soluble (5-50%)
slightly soluble (<5%)

insoluble (0% or <0.001%).

Water solubility provides insight into the fate and transport of a chemical
in the environment. Besides determining whether a chemical will partition
to water or partition to soil or sediment or bioconcentrate in aquatic
organisms, solubility may also affect photolysis, hydrolysis, oxidation,
and washout from the atmosphere by rain.

Solution diffusivity. The rate of diffusion of dilute solutions of
the listed solute in various solvents at one atmospheric pressure, in
nanometers squared per second, (nm?/s).
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Specific gravity. The dimensionless ratio of the density of the
substance, at 20°C, to the density of pure water at 3.98°C, i.e. at 20/4,
or at temperatures noted, and one atmosphere pressure. At 20/4, the
specific gravity is equivalent to density that is expressed as gm/cmd.

Speed of sound. The speed of sound (compressional elastic) waves in
the liquid substance. It is dependant on temperature, pressure and to some
extent frequency. Measured in meters per second (m/s) at the specified
temperature and one atmosphere. For the solid elements, the speed of sound
is reported for longitudinal and shear waves in the bulk material or in
thin rods.

Structural formula. A graphic representation of atoms or group(s) of
atoms relative to each other.

Surface tension. The force per unit length on the surface that
opposes the expansion of the surface. It may be noted whether the
substance was in contact with air or vapor. Liquids with high surface
tensions show less tendency to spread. Given in millinewtons per meter
(mN/m) .

Synonyms (s . Includes chemical codes and common, generic,
trivial, commercial, or other chemical names. Registered trademarks are
generally not identified as such. Some synonyms have been and still are
ambiguously or incorrectly applied, particularly common names.

Thermal conductivity. The quantity of heat conducted per unit time
through a unit area of unit thickness of a material having a unit
temperature difference between its faces. The heat flow across a surface
per unit area per unit time, divided by the negative of the rate of change
of temperature with distance in a direction perpendicular to the surface.
Given in watts per meter-Kelvin, W/(m-K).

Thermal expansion coefficient. The change in volume per unit volume
of the liquid or solid substance per degree change in temperature. Given
in reciprocal Kelvins (K'1).

Threshold Limit Value (TIV). Formerly known as Maximum Allowable
Concentration (MAC). The threshold limit values refer to airborne
concentrations of substances (in ppm or mg/m?®) and represent a "threshold"
dose to which workers can be exposed for a normal 8-hour day, 40-hour work
week, with no known adverse effects. These exposure guidelines are
developed by the American Conference of Governmental Industrial Hygienists
(ACGIH) annually and the most recent publication should be consulted for
future recommendations. TLVs are differentiated into three values based on
exposure and concentration: time-weighted average concentration (TWA),
short term exposure limit (STEL), and ceiling limit (CL). The notation
"(skin)" cautions against skin contact and indicates potential for
percutaneous absorption.

Time-Weighted Average (TWA). ACGIH TLV value. The average

concentration (in ppm) most workers can be exposed to for eight hours per
day, five days a week without showing any adverse effects. A caution
against skin contact is noted by "(skin)".



12 - Definitions
Upper explosion limit (uel). The maximum volume percent of the

substance in air which can be ignited. If exceeded, the mixture cannot be
ignited and sustain combustion.

Vapor density. The dimensionless ratio of the density of a gas to
the density of an equal volume of air. Vapors with densities >1 will sink.

Vapor diffusivity. The rate of diffusion of the compound as a vapor
in air, in micrometers squared per second, (pm?/s).

Vapor pressure. The partial pressure, in kilopascal (kPa), exerted
by the vapor of a solid or liquid when in equilibrium with the solid or
liquid at the stated temperature. Vapor pressure provides insight into the
transport of a substance in the environment. It can indicate how quickly a
substance will evaporate and thus is useful in evaluating spills.
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Key to Abbreviations

A
ACGIH
allow
ANSI
aq
ASTM
atm
Autoign. temp.
b

bp
BTU

c

°C

cal
calc
Ca-mont.

CAS RN
(CC)
CL
C-m

cm
cmpd, cmpds
CNS

cP

CPE
cSt

D

dm

dyn
(EI)
est

eV

exc

°F

fp
ft
ft-1bf

g

j23:4
(gas)
Hg

hr, hrs
IARC
IDLH

in
inorg
int

ampere, base SI unit of electric current

American Conference of Governmental Industrial Hygienists

allowable

American National Standards Institute

aqueous

American Society for Testing and Materials

standard atmosphere, a unit of pressure

autoignition temperature

bar, unit of pressure (of fluid)

boiling point

British thermal unit

coulomb, s-A, SI unit of electric charge, electric flux and
elementary charge

degree Celsius, SI unit of Celsius temperature and
temperature interval

calorie, thermochemical; also called gram calorie

calculated

calcium montmorillonite (clay), see van Olphen and Fripiat
(1979)

Chemical Abstracts Service Registry Number

closed cup flash point tester, kind not specified

OSHA ceiling limit for human exposure

coulomb-meter

centimeter

compound, compounds

central nervous system

centipoise

Chlorpel®, chlorinated polyethylene

centistoke

Debye unit of dipole moment

decimeter

dyne, g-cm/s?, 1075 N, cgs unit of force

electron impact method to measure ionization potential

estimate

electron volt, unit of energy

except

degree Fahrenheit, unit of Fahrenheit temperature and
temperature interval

freezing point

foot

foot pound-force

gram

microgram

gaseous or vapor phase

mercury

hour, hours

International Agency for Research on Cancer

immediately dangerous to life and health value

inch

inorganic

interval, intervals

joule, m?’kg-s, N-m, Pa-m3®, SI unit of work, energy and heat
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min

MOhm-m
mol
mPa
MPa

NA

Na-mont.

NIOSH
ng

nPa
obs
(0C)
OSHA
oz

Pa
(PE)

(PI)
PKa
PKsr

PKs
ppb
ppm
PPoct

PVA

Kelvin, base SI unit of thermodynamic temperature and
SI unit of temperature interval

kilocalorie

kilogram, base SI unit of mass

kilojoule

kilopascal

liter

pound-force

lower explosion limit

liquid phase

longitudinal

molarity, molar concentration

micrometer

meter, base SI unit of length

maximum

milligram

minute

milliliter

millimeter

millinewton

megohm-meter, 10° ohm-m

mole, base SI unit of amount of substance

millipascal

megapascal

newton, kg-m/s2, SI unit of force and 'weight’

not applicable at standard temperature and pressure or not
environmentally relevant

sodium montmorillonite (clay), see van Olphen and Fripiat
(1979)

National Institute for Occupational Safety and Health

nanogram

nanometer

nanopascal

obsolete

open cup flash point tester, kind not specified

Occupational Safety and Health Administration

ounce

poise, dyn-s/cm?, cgs unit of (dynamic) viscosity

Pascal, N/m?, mlkgs™2, J/m3, SI unit of pressure and stress

photoelectron spectroscopy method to measure ionization
potential

negative logarithm of hydrogen ion concentration

photoionization method to measure ionization potential

negative logarithm of acid dissociation constant

negative logarithm of ionization constant of a protonated
base

negative logarithm of autoprotolysis constant

parts per billion

parts per million

negative logarithm of the octonal/water partition
coefficient

pound per square inch; correctly: pound-force per square
inch (1bf/in2)

polyvinyl alcohol



PVC
RCRA
RTECS

s
(s)
SI
(sol)
St
STEL

TLV
TWA
uel
(Vus)
vol%

wk, wks
wts

A A
A

L ™R
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polyvinyl chloride

Resource Conservation and Recovery Act

the NIOSH Registry of Toxic Effects of Chemical Substances

second, base SI unit of time

optical spectroscopy method to measure ionization potential

International System of units

solid or crystalline phase

stokes, cm?/s, cgs unit of kinematic viscosity

short term exposure limit

synonyms

ACGIH threshold limit value

time-weighted average exposure limit

upper explosion limit

volt, SI unit of electric potential, potential difference
and electromotive force

vacuum ultraviolet spectroscopy method to measure ionization
potential

volume percent

Watt, m?kg/s®, J/s, SI unit of power

week, weeks

weight percent

very much greater than

greater than

equal to

approximately equal to

less than

very much less than

alpha

beta

gamma

delta

SI prefixes and symbols for decimal multiples and sub-multiples of units

English prefix

exa
peta
tera
giga
mega
kilo
hecto
deca
deci
centi
milli
micro
nano
pico
femto
atto

Symbol Factor

1018
1015
1012
10°
106
108
102
10
101
102
1073
1076
107°
10-12
10°15
10-18

& HY B3E B O o.g.:‘w‘z [P R BN )



16 - Conversion factors

Conversion factors

Area

cm? = 0.155000310 in2

in2 = 6.4516 cm? (exact) = 645.16 mm? (exact)
m?2 = 10.76391042 ft2

ft2 = 0.09290304 m? (exact)

hectare = 2.471044 acre

acre = 43,560 ft2 = 0.4046873 hectare

km? = 0.3861021585 mi2

mi2 = 2.589988110 km?

e i

Concentration
ppm = (mg/m3) X 24.45/relative molecular mass
mg/m® = ppm X relative molecular mass/24.45

Density
1 g/cm® = 1000 kg/m® = 0.0361273 1b/in® = 62.428 1b/ft?

Dipole moment
1 Debye = 3.33564x1073° coulomb-meter

1 coulomb = 1 second-ampere = 2.77778x10°* Amp-hr

Energy, Heat or Work
1 cal = 4.1868 J = 1.163%x10°6 kW-hr = 3.96832x10°2 BTU

1 BTU = 1055.06 J = 2.930x10"* kW-hr = 778.169 ft-1bf
1J = 9.478171203x107% BTU = 0.238846 cal = 1x107 erg = 6.2414601x1018 eV

Force

1 dyne = 3.596943090x1073 ounce (force)
ounce (force) = 27801.38510 dyne

1 N =105 dyn

1 N = 0.2248089431 pound (force)

pound (force) = 4.448221615 N

Henry's law constant
1 kPa-m%/mol = 0.009869 atm-m3/mol

1 atm-m3/mol = 101.3274 kPa-m3/mol

-
[]

F
ct
l=ng

Angstrom unit = 1x10°1® m = 0.1 nm
cm = 0.3937007874 in

in = 2.54 ecm (exact) = 25.4 mm

m = 3.280839895 ft = 39.37007874 in
ft = 0.3048 m (exact)

km = 0.6213711922 mi

mi = 5280 ft = 1.609344 km (exact)

T e

"od
£
il
a]

= 0.7375621493 ft-1b/s

= 3.412141633 BTU/hr

= 1.341022090x10°3 horsepower (mechanical)
= 1.340482574x1073 horsepower (electrical)

-
o
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Pressure

1 dyne/cm? = 0.1 Pa

1 Pa = 1.450377377x107* psi

1 psi = 6894.757293 Pa

1 millibar = 0.029529 in Hg (0°C)

1 in Hg (0°C) = 33.864 millibar

1 mm Hg = 1 torr = 133.322 Pa = 0.133322 kPa = 0.019337 psi
1 atm = 760.002 mm Hg = 0.1013274 MPa = 14.6960 psi

1 MPa = 9.86923 atm = 145.0377377 psi

Surface tension
1 dyne/cm = 0.001 N/m = 1 mN/m

Susceptibility
1 SI unit = 4Xn cgs units

Temperature
°C = (°F - 32)/1.8 (exact)
°F = (°Cx1.8) + 32 (exact)
K=29° + 273.15 = (°F + 459.67)/1.8

Thermal conductivity
1 cal/(s-cm-K) = 418.68 W/ (m-K)
1 BTU/(hr-ft-°F)= 1.73073 W/(m-K)

Viscosity
1 cP = 0.001 kg/(m-s) = 0.001 Pa-s = 1 mPa-s
1 ¢St = 0.000001 m?/s

Volume

cm® = 0,03381402 fluid ounce (US)

fluid ounce (US) = 29.57353 cm®

cm® = 0.06102374409 in®

in® = 16.387064 cm® = 16387.064 mm®

L =0.001 m® = 1000 cm®

L = 1.0566881 1liquid quart (US) = 0.2641721 liquid gallon (US)
liquid gallon (US) = 3.785412 L

m® = 35.31466672 ft3

ft3 = 0.02831684659 m?

B b e e e e b e

Weight
1 kg = 2.204622622 1b (avoirdupois)
1 1b (avoirdupois) = 16 oz = 453.59237 g
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Table 1. The first priority list of the U.S. Environmental
Protection Agency top 100 hazardous substances, as published in the
Superfund Report, April 29, 1987. The 100 substances are separated into 4
priority groups of 25 substances each. Group 1 has the highest priority.
The Superfund Report ordered substances within each group by Chemical
Abstracts Service Registry Number (CAS RN).

CAS RN SUBSTANCE
PRIORITY GROUP 1
50-32-8 Benzo[a]lpyrene
53-70-3 Dibenzo[a,h]anthracene
56-55-3 Benzo[a]anthracene
57-12-5 Cyanide
60-57-1 Dieldrin/aldrin
67-66-3 Chloroform; trichloromethane.
71-43-2 Benzene,
75-01-4 Vinyl chloride
75-09-2 Methylene chloride
76-44-8 Heptachlor/heptachlor epoxide
79-01-6 Trichloroethene
86-30-6 n-Nitrosodiphenylamine
106-46-7 1,4-Dichlorobenzene
117-81-7 Bis(2-ethylhexyl)phthalate
127-18-4 Tetrachloroethene
205-99-2 Benzo[b]fluoranthene
218-01-9 Chrysene
1745-01-6 p-Dioxin
7439-92-1 Lead
7440-02-0 Nickel
7440-38-2 Arsenic
7440-41-7 Beryllium
7440-43-9 Cadmium
7440-47-3 Chromium
11196-82-5 PCB-1260,54,48,42,32,21,1016
PRIORITY GROUP 2
56-23-5 Carbon tetrachloride
57-74-9 Chlordane
62-75-9 n-Nitrosodimethylamine
72-55-9 4,4'-DDE, DDT, DDD
75-00-3 Chloroethane
75-27-4 Bromodichloromethane
75-35-4 1,1-Dichloroethene
78-59-1 Isophorone
78-87-5 1,2-Dichloropropane
79-00-5 1,1,2-Trichloroethane
79-34-5 1,1,2,2-Tetrachloroethane
87-86-5 Pentachlorophenol
91-94-1 3,3"-Dichlorobenzidine
92-87-5 Benzidine

107-06-2 1,2-Dichloroethane



108-88-3
108-95-2
111-44-4
121-14-2
319-84-6
542-88-1
621-64-7
7439-97-6
7440-66-6
7782-49-2

122-66-7
124-48-1
156-60-5*
193-39-5
606-20-2
1330-20-7
7221-93-4
7440-22-4
7440-50-8
7664-41-7
8001-35-2

51-28-5
59-50-7
62-53-3
65-85-0
67-72-1
74-83-9
75-15-0
75-64-9
75-71-8
78-93-3

* Published incorrectly in Superfund Report as CAS RN 156-60-6.

Toluene

Phenol
Bis(2-chloroethyl)ether
2,4-Dinitrotoluene

BHC-alpha, gamma, beta, delta
Bis(chloromethyl)ether
n-Nitrosodi-n-propylamine
Mercury

Zinc

Selenium

PRIORITY GROUP 3

1,1,1-Trichloroethane
Chloromethane

Oxirane

Bromoform
1,1-Dichloroethane
Di-n-butyl phthalate
2,4,6-Trichlorophenol
Naphthalene
Nitrobenzene
Ethylbenzene

Acrolein
Acrylonitrile
Chlorobenzene
Hexachlorobenzene
1,2-Diphenylhydrazine
Chlorodibromomethane
1,2-Trans-dichloroethene
Indeno(1,2,3-cd)pyrene
2,6-Dinitrotoluene
Total Xylenes

Endrin aldehyde/endrin
Silver

Copper

Ammonia

Toxaphene

PRIORITY GROUP 4

2,4-Dinitrophenol
p-Chloro-m-cresol
Aniline

Benzoic acid
Hexachloroethane
Bromomethane
Carbondisulfide
Fluorotrichloromethane
Dichlorodifluoromethane
2-Butanone

Table 1 - 19
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84-66-2
85-01-8
87-68-3
95-48-7
95-50-1
105-67-9
108-10-1
120-82-1
120-83-2
123-91-1
131-11-3
206-44-0
534-52-1
541-73-1
7440-28-0

Diethyl phthalate
Phenanthrene
Hexachlorobutadiene
Phenol, 2-methyl
1,2-Dichlorobenzene

2 ,4-dimethylphenol
2-pentanone,4-methyl
1,2,4-Trichlorobenzene
2,4-Dichlorophenol
1,4-Dioxane

Dimethyl phthalate
Fluoranthene
4,6-Dinitro-2-methylphenol
1,3-Dichlorobenzene
Thallium
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Chemicals on the EPA priority list that are not included in this

report because of insufficient data. The Chemical Abstracts Service
Registry Number (CAS RN) and Priority Group (PG) (see Table 1) are noted.
PAH = polynuclear aromatic hydrocarbon.

CAS RN

62-75-9
72-54-8
72-55-9
75-27-4
91-94-1
122-66-7
193-39-5
319-84-6
319-85-7
319-86-8
621-64-7
1024-57-3
7221-93-4

PG

HWHENDNMDNDNDWWNDNDNDNDDND

Substance

n-Nitrosodimethylamine

DDD (listed with DDT 50-29-3)

4,4'-DDE (listed with DDT 50-29-3)

Bromodichloromethane

3,3'-Dichlorobenzidine

1,2-Diphenylhydrazine

Indeno(l,2,3-cd)pyrene (refer to other PAHs)

alpha-BHC (listed with y-hexachlorocyclohexane 58-89-9)
beta-BHC (listed with y-hexachlorocyclohexane 58-89-9)
delta-BHC (listed with y-hexachlorocyclohexane 58-89-9)
n-Nitrosodi-n-propylamine

Heptachlor epoxide (listed with heptachlor 76-44-8)
Endrin aldehyde (listed with endrin 72-20-8)
PCB-54,48,42,32,21,1016 (listed with PCB-1260 11196-82-5)
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Table 3.

the number of sites at which each contaminant was detected.

Ranking of the top 20 organic ground water contaminants based on

Compilation of

the data was obtained during the monitoring and investigation of 183

hazardous waste disposal sites.

Rank

wo~NSOTULPWNDE

Ground Water Contaminant

trichloroethene
dichloromethane
tetrachloroethene
toluene
1,1-dichloroethane
bis(2-ethylhexyl)phthalate
benzene
trans-1,2-dichloroethene
1,1,1-trichloroethane
chloroform

ethylbenzene
1,2-dichloroethane
1,1-dichloroethene
phenol

vinyl chloride
chlorobenzene

dibutyl phthalate
naphthalene

chloroethane

acetone

Sites

63
57
57
57
52
52
50
50
49
46
46
39
37
35
30
30
28
23
23
22

Adapted from Plumb and Pitchford (1985).
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(1986).

Table 4 - 23

Ranking of the top 20 compounds based on the frequency of
occurrence at the 32 hazardous waste sites studied by Hallstedt and others

separately elsewhere in this report.
such as diethyl phthalate, dimethyl phthalate, and dibutyl phthalate among

others.

Rank

NN NNSNNNPEPRPPPLOND -

Compound

benzene

toluene

dichloromethane
chlorobenzene
dichloroethanes (total)
tetrachloroethene
chloroform
dichloroethenes (total)
ethylbenzene

phenol

trichloroethanes (total)
trichloroethene

xylenes (total)
dichlorobenzene
naphthalene

vinyl chloride

PCBs (total)

BHC (total)

acetone
dialkylphthalates (total)

Hallstedt and others grouped together isomers that are considered

Dialkylphthalates include compounds

Adapted from Hallstedt and others (1986).

Erequency

0.688
0.656
0.594
0.531
0.531
0.531
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.438
0.438
0.375
.344
.313
.313
.281

[eNeoNeNo]
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Table 5. Ranking of the top 20 compounds based on the frequency of
occurrence and hazard rating at the 32 hazardous waste sites studied by
Hallstedt and others (1986). The hazard rating factor, which combines
toxicity and persistence scores of a compound, is part of the EPA-
formulated Hazard Ranking System (HRS). The HRS is used to prioritize
uncontrolled hazardous waste sites for remedial action. The Sax (1984)
rating system is used to determine a compound’s toxicity score (from 0 to
3). The Sax system attempts to combine factors such as acute versus
chronic toxicity and routes of exposure. The EPA rating scale is used to
determine the persistence score (from O to 3). A persistence score of 0
indicates a highly biodegradable compound and a score of 3 indicates a
highly persistent compound. The two scores are added together to get the
combined rating factor (CRF). Hallstedt and others grouped together
isomers that are considered separately elsewhere in this report.
Dialkylphthalates include compounds such as diethyl phthalate, dimethyl
phthalate, and dibutyl phthalate among others. Adapted from Hallstedt and
others (1986).

Rank Compound Frequency times CRF
1 chloroform 9.00
1 trichloroethanes (total) 9.00
3 dichloromethane 8.91
4 benzene 8.25
5 tetrachloroethene 7.97
6 dichlorobenzenes (total) 7.88
6 toluene 7.88
8 trichloroethene 7.50
9 chlorobenzene 6.38

10 PCBs (total) 6.19
11  phenol 6.00
11 xylenes (total) 6.00
13  BHC (total) 5.63
14  naphthalene 5.25
15 dialkylphthalates (total) 5.06
15 pyrenes 5.06
17 dichloroethanes (total) 4.78
18 carbon tetrachloride 4.50
18 ethylbenzene 4.50
18 vinyl chloride 4.50
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Table 6. Frequency of chemical compound-class occurrence in soils and
sediments from 91 hazardous waste sites at the 18 Department of Energy
(DOE) facilities studied by Riley and others (1992). Soil refers to near-
surface geologic material influenced by plant and microbial activity.
Sediment refers to unconsolidated geologic material collected from below
the soil zone. The frequency of occurrence is presented first by facility
then by waste site (regardless of facility). The data includes compound
classes that were reportedly disposed of to the site and those that were
measured in the soil or sediment. The classes used in this table are much
broader than those used in this report, but all substances in this report
fall into one of the compound classes below. Adapted from Riley and others
(1992).

By DOE facility

Compound Class Frequency
fuel hydrocarbons 0.66
chlorinated hydrocarbons 0.61
radionuclides 0.56
metals 0.56
anions 0.45
ketones 0.45
polychlorinated biphenyls 0.34
organic acids 0.28
phthalates 0.28
alkyl phosphates 0.28
explosives 0.23
complexing agents 0.18
pesticides 0.10
By waste site
Compound Class Frequency
radionuclides 0.45
metals 0.39
chlorinated hydrocarbons 0.35
polychlorinated biphenyls 0.25
fuel hydrocarbons 0.24
anions 0.20
ketones 0.12
organic acids 0.10
explosives 0.08
pesticides 0.08
alkyl phosphates 0.08
phthalates 0.07
complexing agents 0.05
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Table 7. Frequency of chemical compound-class detection in ground water
from 91 hazardous waste sites at the 18 Department of Energy (DOE)
facilities studied by Riley and others (1992). The frequency of occurrence
is presented first by facility then by waste site (regardless of facility).
The data includes compound classes that were disposed of to the ground and
subsequently transported through the soil and unsaturated zone by water or
nonaqueous liquids such as organic solvents. The classes used in this
table are much broader than those used in this report, but all substances
in this report fall into one of the compound classes below. Adapted from
Riley and others (1992).

By DOE facility

Compound Classg Frequency
chlorinated hydrocarbons 0.79
metals 0.79
radionuclides 0.68
anions 0.61

fuel hydrocarbons 0.50
ketones 0.39
phthalates 0.10
explosives 0.10
organic acids 0.10
pesticides 0.05
polychlorinated biphenyls 0.05
complexing agents 0.05
alkyl phosphates not detected

By waste site

Compound Class Frequency
chlorinated hydrocarbons 0.59
radionuclides 0.54
metals 0.53
anions 0.46

fuel hydrocarbons 0.20
ketones 0.17
pesticides 0.04
phthalates 0.03
explosives 0.03
organic acids 0.03
polychlorinated biphenyls 0.01

complexing agents 0.01
alkyl phosphates not detected
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The 108 selected substances ordered by the number of carbon and

hydrogen atoms. The Chemical Abstracts Service Registry Numbers (CAS RN)

are provided.

Formula

CC1,F,
CC1l3F
CCl,
CHBr2Cl
CHBra
CHC1;
CHN
CH,C1,
CH3Br
CHiC1
CH,0
CNK
CNNa
CS,
CoCl,
C,Clg
CoHC13
CzH,C1,
CoHaC1,
CoH2C1,
CzH3Cl
CoH3C1;
CoH3Cl3
C2H4Br,
CoH,C1,
CzH,C1,
C2H,C1,0
CzH,0
C2H,07
C,HsC1
C2HgO
C2HgO2
C2Hg0S
C3HaN
CsH,0
C3HsC1,
C3HgO
C4Cls
C,HsC1,0
C4HgO
C4Hg02
CeCls
CeHC150
CeH3Cl3
CeH3C130
CeH4Cl12
CeluCl2
CeH4Cl2

CAS RN

75-71-8
75-69-4
56-23-5
124-48-1
75-25-2
67-66-3
74-90-8
75-09-2
74-83-9
74-87-3
67-56-1
151-50-8
143-33-9
75-15-0
127-18-4
67-72-1
79-01-6
75-35-4
156-60-5
79-34-5
75-01-4
71-55-6
79-00-5
106-93-4
75-34-3
107-06-2
542-88-1
75-21-8
64-19-7
75-00-3
64-17-5
107-21-1
67-68-5
107-13-1
107-02-8
78-87-5
67-64-1
87-68-3
111-44-4
78-93-3
123-91-1
118-74-1
87-86-5
120-82-1
88-06-2
95-50-1
541-73-1
106-46-7

Inorganic chemicals and elements appear at the end.

Substance

Dichlorodifluoromethane
Trichlorofluoromethane
Carbon tetrachloride
Dibromochloromethane
Bromoform

Chloroform

Hydrogen cyanide
Dichloromethane
Bromomethane
Chloromethane

Methanol

Potassium cyanide
Sodium cyanide

Carbon disulfide
Tetrachloroethene
Hexachloroethane
Trichloroethene
1,1-Dichloroethene
trans-1,2-Dichloroethene
1,1,2,2-Tetrachloroethane
Vinyl chloride
1,1,1-Trichloroethane
1,1,2-Trichloroethane
1,2-Dibromoethane
1,1-Dichloroethane
1,2-Dichloroethane
Bis(chloromethyl) ether
Ethylene oxide

Acetic acid
Chloroethane

Ethanol

Ethylene glycol
Dimethyl sulfoxide
Acrylonitrile

Acrolein
1,2-Dichloropropane
Acetone
Hexachlorobutadiene
Bis(2-chloroethyl) ether
2-Butanone

1,4-Dioxane
Hexachlorobenzene
Pentachlorophenol
1,2,4-Trichlorobenzene
2,4,6-Trichlorophenol
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
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Formula

CegH4C120
CgH4N205
CegHsC1l
CgHsNO;
CeHsg
CeHeCls
CegHeO
CegHsN
CeHi2
CeH120
C7HeN204
C7HgN204
C7Hg02
CsH;C10
C7Hs
C7HgO
CsHig
CsHio
CgHio
CgH1o
CgH100
CgHsN
CgH140
C10HsC17
C10HsClg
Ci10Hs
C10H10C1s
C10H1004
C12H4C1,0,
C12HgClg
C12HgClg0
C12HgC1lg0
(c12H10-x) Clx
C12H10N20
C12H12N2
C12H1404
C14HgCl5
C14H10
CieH10
C16H2204
CisHiz
CisHia
Ca20H12
Cz0Hi12
C22H14
C24H3g04
Ag

As

Be

Cd

Cr

Cu

100-41-4
108-38-3
95-47-6
106-42-3
105-67-9
91-22-5
78-59-1
76-44-8
57-74-9
91-20-3
8001-35-2
131-11-3
1746-01-6
309-00-2
60-57-1
72-20-8

11096-82-5

86-30-6
92-87-5
84-66-2
50-29-3
85-01-8
206-44-0
84-74-2
56-55-3
218-01-9
205-99-2
50-32-8
53-70-3
117-81-7
7440-22-4
7440-38-2
7440-41-7
7440-43-9
7440-47-3
7440-50-8

Substance

2,4-Dichlorophenol
2,4-Dinitrophenol
Chlorobenzene
Nitrobenzene

Benzene
v-Hexachlorocyclohexane (Lindane)
Phenol

Aniline

Cyclohexane
4-Methyl-2-pentanone
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Benzoic acid
6-Chloro-m-cresol
Toluene

o-Cresol

Ethylbenzene

m-Xylene

o-Xylene

p-Xylene

2,4-Xylenol

Quinoline

Isophorone

Heptachlor

Chlordane

Naphthalene

Toxaphene

Dimethyl phthalate
Dioxins (TCDD)

Aldrin

Dieldrin

Endrin

Aroclor 1260 (PCB 1260)
N-Nitrosodiphenylamine
Benzidine

Diethyl phthalate

DDT

Phenanthrene
Fluoranthene

Dibutyl phthalate
Benz[a]anthracene
Chrysene
Benz(e)acephenanthrylene
Benzo[a]pyrene
Dibenz[a,h]lanthracene
Bis(2-ethylhexyl)phthalate
Silver

Arsenic

Beryllium

Cadmium

Chromium

Copper
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Formula CAS RN Substance
H20 7732-18-5 Water

HaN 7664-41-7 Ammonia
Hg 7439-97-6 Mercury
Ni 7440-02-0 Nickel

Pb 7439-92-1 Lead

Se 7782-49-2 Selenium
Tl 7440-28-0 Thallium
Zn 7440-66-6 Zinc
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Table 9.

Ranking of the 108 selected substances by specific gravity at

20/4 (i.e. the ratio of the density of the substance at 20°C to that of

water at 3.98°C) unless otherwise noted.

Values less than 1.0 indicate

substances (LNAPLs, light non-aqueous phase liquids) that will float on
water, and greater than 1.0 indicate substances (DNAPLs, dense non-aqueous
phase liquids) that will sink through water, if they are immiscible.

Common components in gasoline and other hydrocarbon fuels are noted with an

asterisk (*) before the name.

Substance

Hydrogen GCyanide
Ammonia
Cyclohexane
*Ethanol

Acetone

*Methanol
4-Methyl-2-pentanone
2-Butanone
Acrylonitrile
Acrolein

*p-Xylene
*m-Xylene

*Toluene
*Ethylbenzene
Ethylene oxide
*Benzene

*o-Xylene
Chloroethane

Vinyl chloride
Chloromethane
Isophorone
2,4-Xylenol
Bis(2-ethylhexyl)phthalate
Water

Aniline
*Phenanthrene
Naphthalene
*o-Cresol
1,4-Dioxane
Dibutyl phthalate
Acetic acid
*Phenol

Quinoline

Dimethyl sulfoxide
Chlorobenzene
Ethylene glycol
Diethyl phthalate
1,2-Dichloropropane
*1,1-Dichloroethane
Dimethyl phthalate
Nitrobenzene
1,1-Dichloroethene

78-93-3
107-13-1
107-02-8
106-42-3
108-38-3
108-88-3
100-41-4

75-21-8

71-43-2

95-47-6

75-00-3

75-01-4

74-87-3

78-59-1
105-67-9
117-81-7

7732-18-5

62-53-3

85-01-8

91-20-3

95-48-7
123-91-1

84-74-2

64-19-7
108-95-2

91-22-5

67-68-5
108-90-7
107-21-1

84-66-2

78-87-5

75-34-3
131-11-3

98-95-3

75-35-4

Specific Gravity

HHEHEHHEHFHEHEHEHERRPHEHERRERRRBRRREHFOOOOOOOO0O000O0O000O0C0O00OCO0O0O0COO0O0O0

.688
.7188 g/L gas
.77855
.7893
.7900
.7914
.8010
. 8049
.8060
.8389
.8611
.86436
.86683
.8670
.8694
.8790
.8802
.8960
.9106
.9214
.9229
.9650
.9843
.0000
.0217
.025
.0253
.02734
.03361
.0465
.04955
.070
.0929
.10041
.1063
.1135
.1175
.15597
.1755
.2
.20331
.213229

A

floaters

sinkers

v



Substance CAS RN

6-Chloro-m-cresol 59-50-7
Bis(2-chloroethyl)ether 111-44-4
N-Nitrosodiphenylamine 86-30-6
*1,2-Dichloroethane 107-06-2
1,4-Dichlorobenzene 106-46-7
Benzidine 92-87-5
*Fluoranthene 206-44-0
trans-1,2-Dichloroethene 156-60-5
*Carbon disulfide 75-15-0
Benzoic acid 65-85-0
*Benz[a]anthracene 56-55-3
*Chrysene 218-01-9
*Dibenz[a,h]anthracene 53-70-3
2,6-Dinitrotoluene 606-20-2
1,3-Dichlorobenzene 541-73-1
Aroclor 1260 (PCB 1260) 11096-82-5
1,2-Dichlorobenzene 95-50-1
Bis(chloromethyl)ether 542-88-1
Dichloromethane 75-09-2
Dichlorodifluoromethane 75-71-8
1,1,1-Trichloroethane 71-55-6
Benzo[a]pyrene 50-32-8
2,4-Dichlorophenol 120-83-2
1,1,2-Trichloroethane 79-00-5
1,2,4-Trichlorobenzene 120-82-1
Trichloroethene 79-01-6
Trichlorofluoromethane 75-69-4
Chloroform 67-66-3
Potassium cyanide 151-50-8
2,4-Dinitrotoluene 121-14-2
Hexachlorobutadiene 87-68-3
DDT 50-29-3
Hexachlorobenzene 118-74-1
Carbon tetrachloride 56-23-5
1,1,2,2-Tetrachloroethane 79-34-5
Aldrin 309-00-2
Chlordane 57-74-9
Sodium cyanide 143-33-9
Tetrachloroethene 127-18-4
Toxaphene 8001-35-2
Heptachlor 76-44-8
2,4,6-Trichlorophenol 88-06-2
Bromomethane 74-83-9
2,4-Dinitrophenol 51-28-5
Endrin 72-20-8
Dieldrin 60-57-1
Dioxins (TCDD) 1746-01-6
Beryllium 7440-41-7
v-Hexachlorocyclohexane (Lindane) 58-89-9
Pentachlorophenol 87-86-5
Hexachloroethane 67-72-1
1,2-Dibromoethane 106-93-4

Table 9 - 31

Specific Gravity

NNHRPHEREHRRHRREFREREHBEHRHERRRRRRBHERRHB R R e e e

.215 @ 15°C
.2192

.23

.2351

.2475

.250

.252 @ 0/4
.2547
.26311

.27

274

274

.282

.2833 @ 111°C
.28844
.3-1.8
.3048

.315

.3256

.3292

.3381

.351

.4 @ 15°
.43931
.45420
4642

467 @ 25°C
.49

.52 @ 16°C
.521 @ 15°C
.5542

.56 @ 15°C
.5691 @ 23.6°C
.59402
.59449

.6

.6

.60 @ 25°C
.6227

.63

.66

.675

.6758

.68

.7

.75

.827 @ 25°C
.8477

.89

.978

.091

.1792
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Substance CAS RN Specific Gravity
Dibromochloromethane 124-48-1 2.451
Bromoform 75-25-2 2.8899
Selenium 7782-49-2 4.81
Arsenic 7440-38-2 5.72

Zinc 7440-66-6 7.14
Chromium 7440-47-3 7.18-7.20
Cadmium 7440-43-9 8.642
Nickel 7440-02-0 8.908
Copper 7440-50-8 8.94
Silver 7440-22-4 10.50

*Lead 7439-92-1 11.35
Thallium 7440-28-0 11.85

103 Mercury 7439-97-6 13.5939
*Benz(e)acephenanthrylene 205-99-2 unknown
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Table 10. Solubilities of the 108 selected hazardous substances in various
solvents. Values when given are in weight percents (wt%). All values are
for solutions at room temperatures (approximately 15°C to 25°C) except as

noted. Abbreviations are:
M miscible dissolves 100%
V very soluble > 50%
So soluble 5-50%
S1 slightly soluble < 5%
I insoluble 0% (or <0.001s%)
- unknown
decom. decomposes
ethan ethanol
acet acetone
benz benzene
Substance CAS RN Water Ethan Acet Benz Ether
Acetic acid 64-19-7 M M M M M
Acetone 67-64-1 M M M M M
Acrolein 107-02-8 20.8 So So So So
Acrylonitrile 107-13-1 7.35 M So So M
Aldrin 309-00-2 I So So So So
Ammonia 7664-41-7 53.1 21@0°C So So So
Aniline 62-53-3 3.38 M M M M
Aroclor 1260 (PCB 1260) 11096-82-5 I - - - -
Arsenic 7440-38-2 1 - - - -
Benz(e)acephenanthrylene 205-99-2 I - - Sl -
Benz[a]anthracene 56-55-3 1 S1 So v So
Benzene 71-43-2 0.179 M M M M
Benzidine 92-87-5 0.052 Ss1 - - Sl
Benzoic acid 65-85-0 0.29 46.6 So So 66
Benzo[a]pyrene 50-32-8 0.003 si - So -
Beryllium 7440-41-7 I - - - -
Bis(2-chloroethyl)ether 111-44-4 1.1  So So M So
Bis(chloromethyl)ether 542-88-1 decom. M - - M
Bis(2-ethylhexyl)phthalate 117-81-7 <0.01 - - - -
Bromoform 75-25-2 0.318 M - M M
Bromome thane 74-83-9 0.09 M M M M
2-Butanone 78-93-3 24 M M M M
Cadmium 7440-43-9 1 - - - -
Carbon disulfide 75-15-0 0.21 M - - M
Carbon tetrachloride 56-23-5 0.08 M M M M
Chlordane 57-74-9 I M M M M
Chlorobenzene 108-90-7 0.05 M M M M
6-Chloro-m-cresol 59-50-7 0.004 So So So So
Chloroethane 75-00-3 0.57 48.3 - - M
Chloroform 67-66-3 0.82 M So M M
Chloromethane 74-87-3 0.48 So - M M
Chromium 7440-47-3 I - - - -
Chrysene 218-01-9 1 Sl Sl Sl sl
Copper 7440-50-8 I - - - -
o-Cresol 95-48-7 Sl v M M v
Cyclohexane 110-82-7 0.01 M M M M
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Substance

DDT
Dibenz[a,h}anthracene
Dibromochloromethane
1,2-Dibromoethane
Dibutyl phthalate
1,3-Dichlorobenzene
1,2-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
Dichloromethane
2,4-Dichlorophenol
1,2-Dichloropropane
Dieldrin

Diethyl phthalate
Dimethyl phthalate
Dimethyl sulfoxide
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
1,4-Dioxane

Dioxins (TCDD)
Endrin

Ethanol

Ethylbenzene
Ethylene glycol
Ethylene oxide
Fluoranthene
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
v-Hexachlorocyclohexane
Hexachloroethane
Hydrogen cyanide
Isophorone

Lead

Mercury

Methanol
4-Methyl-2-pentanone
Naphthalene

Nickel

Nitrobenzene
N-Nitrosodiphenylamine
Pentachlorophenol
Phenanthrene

Phenol

Potassium cyanide
Quinoline

Selenium

106-9

107-0

123-9
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Substance CAS RN Water Ethan Acet Benz Ether
Silver 7440-22-4 I - - - -
Sodium cyanide 143-33-9 58 So - - -
1,1,2,2-Tetrachloroethane 79-34-5 0.29 M S S M
Tetrachloroethene 127-18-4 0.015 M - M M
Thallium 7440-28-0 1 - - - -
Toluene 108-88-3 0.05 M S M M
Toxaphene 8001-35-2 I - - -
1,2,4-Trichlorobenzene 120-82-1 1 Sl - M M
1,1,1-Trichloroethane 71-55-6 0.132 M S S M
1,1,2-Trichloroethane 79-00-5 0.44 M - - M
Trichloroethene 79-01-6 0.137 M S - M
Trichlorofluoromethane 75-69-4 0.11 M - - M
2,4,6-Trichlorophenol 88-06-2 0.8 v \Y - \Y
Vinyl chloride 75-01-4 0.27 S - S v
Water 7732-18-5 M M - M -
m-Xylene 108-38-3 0.02 M M M M
o-Xylene 95-47-6 0.017 M M M M
p-Xylene 106-42-3 0.016 M M M M
2,4-Xylenol 105-67-9 0.787 M - S M
Zinc 7440-66-6 1 - - - -
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Table 11. The 108 selected substances ordered by vapor pressure (in kPa)
at 20°C unless noted otherwise. Values less than 1073 are assigned zero.
Unknown means no values were found in the literature. Chemical Abstracts
Service Registry Numbers (CAS RN), boiling points (BP), and vapor pressures
in mm Hg are noted also. Vapor pressure is a good indicator of the
volatility of a substance and its detectability with gas sniffers.

Vapor Pressure

Substance CAS RN kPa (mm_Hg) BP (°C)
Ammonia 7664-41-7  881.53 (6612) -33.42
Dichlorodifluoromethane 75-71-8 566.62 (4250) -29.8
Chloromethane 74-87-3 506.6 (3800) -24.2
Vinyl chloride 75-01-4 306.6 (2300) -13.9
Bromomethane 74-83-9 166.6 (1250) 3.56
Ethylene oxide 75-21-8 146.0 (1095) 10.7
Chloroethane 75-00-3 133,32 (1000) 12.27
Trichlorofluoromethane 75-69-4 91.598 (687) 23.8
Hydrogen cyanide 74-90-8 82.6 (620) 25.7
1,1-Dichloroethene 75-35-4 66.661 (500) 32
Dichloromethane 75-09-2 46.53 (349) 40
trans-1,2-Dichloroethene 156-60-5 35.33 (265) 47.7
Carbon disulfide 75-15-0 34.664 (260) 46.25
Acrolein 107-02-8 29.33 (220) 52.5
Acetone 67-64-1 24,227 (181.7) 56.2
1,1-Dichloroethane 75-34-3 23.998 (180) 57.28
Chloroform 67-66-3 21.33 (160) 61.2
1,1,1-Trichloroethane 71-55-6 13.33 (100) 74.1
Methanol 67-56-1 12.27 (92) 64.7
Carbon tetrachloride 56-23-5 12.0 (90) 76.54
Acrylonitrile 107-13-1 11.0 (83) 77.4
2-Butanone 78-93-3 10.333 (77.5) 79.58
Cyclohexane 110-82-7 10.3 77) 80.74
Benzene 71-43-2 10.13 (76) 80.1
Dibromochloromethane 124-48-1 10.13 (76) 118.
1,2-Dichloroethane 107-06-2 8.13 (61) 83.47
Trichloroethene 79-01-6 8.0 (60) 86.7
1,2-Dichloropropane 78-87-5 5.60 (42) 96.37
Ethanol 64-17-5 5.333 (40) @ 19°C 78.293
1,4-Dioxane 123-91-1 4.00 (30) 101.3
Bis(chloromethyl) ether 542-88-1 4.00 (30) @ 22¢°C 105
Toluene 108-88-3 2.93 (22) 110.6
1,1,2-Trichloroethane 79-00-5 2.533 (19) 113.7
Water 7732-18-5 2.3378 (17.53) 100
4-Methyl-2-pentanone 108-10-1 2.13 (16) 116.85
Tetrachloroethene 127-18-4 1.87 (14) 121
Acetic acid 64-19-7 1.520 (11.4) 117.9
1,2-Dibromoethane 106-93-4 1.467 (11) 131.36
Benzidine 92-87-5 1.333 (10) @ 30°cC 402
Chlorobenzene 108-90-7 1.17 (8.8) 131.7
Ethylbenzene 100-41-4 0.947 (7.1) 136.2
p-Xylene 106-42-3 0.866 (6.5) 138.35
m-Xylene 108-38-3 0.800 (6) 139.1
Bromoform 75-25-2 0.667 (5) 149.5



Substance

1,1,2,2-Tetrachloroethane
o-Xylene
1,3-Dichlorobenzene
Thallium

Zinc

Arsenic

Copper

Beryllium
Phenanthrene

Lead
1,2-Dichlorobenzene
Bis(2-chloroethyl)ether
1,4-Dichlorobenzene
Hexachloroethane
Dimethyl sulfoxide
o-Cresol

Aniline
1,2,4-Trichlorobenzene
Toxaphene

Phenol

Isophorone
Hexachlorobutadiene
Nitrobenzene
2,4-Dichlorophenol
2,4-Xylenol
Quinoline

Ethylene glycol
Naphthalene
6-Chloro-m-cresol
Diethyl phthalate
Fluoranthene
Dimethyl phthalate
Dibutyl phthalate
2,4,6-Trichlorophenol
2,4-Dinitrotoluene
Benzoic acid
Mercury

Selenium
2,4-Dinitrophenol
Heptachlor
Pentachlorophenol
Aldrin

DDT
Hexachlorobenzene

v-Hexachlorocyclohexane(Lindane) 58-89-9
11096-82-5

Aroclor 1260 (PCB 1260)
Bis(2-ethylhexyl)phthalate
Benz[a]lanthracene

Chrysene
Benz(e)acephenanthrylene
Benzo[a]pyrene

Table 11 - 37

Vapor Pressure

CAS RN

O
uro
J-\w

4-
7-
541 73-
7440-28-
7440-66-
7440-38-
7440-50-
7440-41-
85-01-
7439-92-
95-50-
111-44-
106-46-
67-72-
67-68-
95-48-

W\IMH\IPD—'HQ\IWNO\OHO\UI

(=)
N
'
W
w
'

120-82-1
8001-35-2
108-95-2
78-59-1
87-68-3
98-95-3
120-83-2
105-67-9
91-22-5
107-21-1
91-20-3
59-50-7
84-66-2
206-44-0
131-11-3
84-74-2
88-06-2
121-14-2
65-85-0
7439-97-6
7782-49-2
51-28-5
76-44-8
87-86-5
309-00-2
50-29-3
118-74-1

A A
[N eBeoNoNeoNoNoNoNoNol Sl HeNeNeNeNeo o NeNoNoNeoNeo oo NoNeNeo NoNeNo NoNoNeNe No e NoNoNe NoNoNeNeo NoNeNe e No Neo

117-81-7
56-55-3
218-01-9
205-99-2
50-32-8

kPa

(mm_Hg) BP (°C)
.666 (5) 146.2
.666 (5) 144 .4
.252 (1.89) @ 25° 173
.133 (1) @ 825°C 1457
.133 (1) @ 487°C 419.58
.133 (1) @ 372¢°C 613
.133 (1) @ 1628°C 2567
.133 (1) @ 1520°C 2970
.133 (1) @ 118.3°C 340
.133 (¢9) 970
.133 (1) 180.5
.095 (0.7D) 178
.080 (0.6) 174
.0533 (0.4) 186.8
.0493 (0.369) 189
.041 (0.31) @ 25°C 190.95
.04 (0.3) 184.13
.0388 (0.29) @ 25°C 213
.027-.053 (0.2-.04) Decomposes
.027 (0.2) 181.8
.0267 (0.2) 215.2
.020 (0.15) @ 25°C 215
.020 (0.15) 210.8
.016 (0.12) 210
.013 (0.098) @ 25°C 27
.0112 (0.084) @25°C 238
.0067 (0.05) 197.5
.0067 (0.05) 218
.0067 (0.05) 235
.0067 (0.05) @ 70°C 298
.0013 (0.01) 375
.0013 (0.01) 283.8
.0013 (0.01) 340
.0011 (0.008) @24°C 246
.00068 (0.0051) 270
.0006 (0.0045) 249
.00026 (0.0012) 356.58
.00013 (0.001) 685
.2x10°5  (0.00039mm) Sublimes
.x1073 (0.0003) Decomposes
.47x1075  (0.0001) 310
145
260
322
323.4
340
385
400
448
481
495
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Substance

Dioxins (TCDD)
Dibenz[a,h]anthracene
Cadmium

Sodium cyanide
Potassium cyanide
Silver

Chromium

Nickel
2,6-Dinitrotoluene
Dieldrin

Chlordane

Endrin

N-Nitrosodiphenylamine

Vapor Pressure

[eNeNeolNeNoNeoNoNoNoNeoNo Neo)

(mm_Hg)

BP (°C)

500

524

765

1496

1625

2212

2672

2732
Decomposes
Decomposes
Decomposes
Decomposes

Unknown



Table 12.

Table 12 - 39

permittivity at room temperature (20°C) unless otherwise noted.
frequency at which the relative permittivity was measured is given if noted

in the literature.

Ranking of the 108 selected substances by relative dielectric

The

Relative dielectric permittivity is useful in

predicting electrical property changes in ground water, soils, etc. in case

of a spill or other discharge of a substance.

permittivity is not applicable to metals.

found.

Substance

Vacuum

Cyclohexane
Dichlorodifluoromethane
trans-1,2-Dichloroethene
1,4-Dioxane

Carbon tetrachloride
p-Xylene
Tetrachloroethene
Benzene
Trichlorofluoromethane
m-Xylene

Toluene

Ethylbenzene
1,4-Dichlorobenzene
o-Xylene
Hexachlorobutadiene
Naphthalene

Carbon disulfide
Phenanthrene
Trichloroethene
Aroclor 1260 (PCB 1260)
Bromoform
1,1-Dichloroethene
Chloroform
1,2-Dibromoethane
1,3-Dichlorobenzene
Bis(2-ethylhexyl)phthalate
Acetic acid

Potassium cyanide
Vinyl chloride

Dibutyl phthalate
Selenium

2,4-Xylenol
Chlorobenzene
1,2,4-Trichlorobenzene
Aniline
1,1,2-Trichloroethane
1,1,1-Trichloroethane
Dimethyl phthalate
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
Dichloromethane

CAS RN

11096-82-5
75-25-2
75-35-4
67-66-3

106-93-4
541-73-1
11-78-17
64-19-7
151-50-8
75-01-4
84-74-2
7782-49-2
105-67-9
108-90-7
120-82-1
62-53-3
79-00-5
71-55-6
131-11-3
79-34-5
78-87-5
75-09-2

Relative dielectric

Unknown means no information was

Relative Dielectric Permittivity

WOoOWOOONNNOONONONAAONONOOUVUUMEPRPLEPREPRPWLWNNOONNNNONNPDNNONNONNDNNNRPODNDNNNODNDND R

.6

.8

.3

.000

.023

.13 @ 29°C
.14 @ 25°C
.220

.23790

.2699

.280 @ 25°C
.284

.303

.3742

.376 (10 kHz)
L4042

.41 @ 50°C
.568

.62-2.67 @ 21°C
.643

.42 @ 16°C
.3-5.6 @ 25°C
.39

.67 @ 16°C
.806

.991 @ 22.7°C
.04 @ 25°C
.17

.2 @22

.26 @ 17.2°C
.436 @ 30°C
.6 @ 17-22°C
.61 @ 30°C
.69 (1 MHz)
.75 (1.8 MHz)
.89

.29

.52

.5 @ 24°C

.50 (1.8 MHz)
.96 @ 25°C
.08
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Substance

Quinoline
Chloroethane
Phenol
Bromomethane
1,2-Dichlorobenzene
1,1-Dichloroethane
Arsenic
1,2-Dichloroethane
o-Cresol
Chloromethane
4-Methyl-2-pentanone
Ethylene oxide
Ammonia

2-Butanone

Acetone
Bis(2-chloroethyl)ether
Ethanol
Acrylonitrile
Methanol
Nitrobenzene
Ethylene glycol
Dimethyl sulfoxide
Water

Hydrogen cyanide
Beryllium

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Silver

Thallium

Zinc

Acrolein

Aldrin
Benz[a]anthracene
Benzidine

Benz (e)acephenanthrylene
Benzo[a]pyrene
Benzoic acid

v-Hexachlorocyclohexane (Lindane)

Bis(chloromethyl)ether
Chlordane
6-Chloro-m-cresol
Chrysene

Sodium cyanide

DDT
Dibenz[a,h]anthracene
Dibromochloromethane
2,4-Dichlorophenol
Dieldrin

CAS RN

91-2
75-0
108-9
74-8
95-5
75-3
7440-3
107-0
95-4
74-8
108-1
75-2
7664-4
78-9
67-6
111-4
64-1

\IJ-\J-\WD—‘D—‘O\JQO\G)#\OWU\ON

7440-22-4
7440-28-0
7440-66-6
107-02-8
309-00-2
56-55-3
92-87-5
205-99-2
50-32-8
65-85-0
58-89-9
542-88-1
57-74-9
59-50-7
218-01-9
143-33-9
50-29-3
53-70-3
124-48-1
120-83-2
60-57-1

(VoI Vo JVo JRVe JEVe]

metal
metal
metal
metal
metal
metal
metal
metal
metal
metal
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

Relative Dielectric Permittivity

.12 (3 MHz)
.45
.8 @ 21¢°C
.82 @ 0°C
.93 @ 25°C
10.
10.
10.
11.
12.
13.
13.
17.
18.
20.
21.
25.
33.
33.
35.
38.
48.
80.
114.

0 @ 18°C
23 (60 MHz)
37 @ 25°C
25°C
-20°C

[
me MM

-1°C
15°C

ON\DSQ)\OI—‘O’\UI

~

o O
N

75 (1.8 MHz)

7
9
18
9



Substance

Diethyl phthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dioxins (TCDD)

Endrin

Fluoranthene
Heptachlor
Hexachlorobenzene
Hexachloroethane
Isophorone
N-Nitrosodiphenylamine
Pentachlorophenol
Toxaphene
2,4,6-Trichlorophenol

CAS RN

w
=
1o
N O

NP PPPPORPOPOON

NNOUAAAHEEHEEHEHOOOOANNDUN

121-1
606-2
1746-0
72-2
206-4
76-4
118-7
67-7
78-59-
86-30-
87-86-
8001-35-
88-06-

Table 12 - 41
Relative Dielectric Permittivity

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
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Table 13. Ranking of the 108 selected substances by electrical resistivity
at room temperature (20°C), unless noted otherwise. Substances with the
lowest resistivity (highest conductivity) appear at the top of the list.
Resistivity is useful in predicting electrical property changes in ground
water, soils, etc. in case of a spill or other discharge of the substances.
Unknown means no information was found.

Substance CAS RN Resistivit MOhm-m
Silver 7440-22-4 1.6x1071%
Copper 7440-50-8 1.7x107% @ 22°C
Beryllium 7440-41-7 3.3x1071% @ 22°C
Zinc 7440-66-6 6.x10714 @ 22°C
Cadmium 7440-43-9 7.3x10714
Nickel 7440-02-0 7.8x10714
Chromium 7440-47-3 1.3x10713 @ 22°C
Thallium 7440-28-0 1.6x10713

Lead 7439-92-1 2.065x10713
Arsenic 7440-38-2 2.9x10713 @ 22¢°C
Mercury 7439-97-6 9.576x10713
Carbon disulfide 75-15-0 0.0000027
Ethylene glycol 107-21-1 0.00862
Hydrogen cyanide 74-90-8 0.0222 @ 18°C
Methanol 67-56-1 0.023 @ 18°C
Acrolein 107-02-8 0.0645
Ammonia 7664-41-7 0.0769 @ -79°C
4-Methyl-2-pentanone 108-10-1 <0.19 @ 35°C
Water 7732-18-5 0.227

Dibutyl phthalate 84-74-2 0.238 @ 30°C
Aniline 62-53-3 0.417 @ 25°C
Quinoline 91-22-5 0.45 @ 25°C
Acetone 67-64-1 0.5 @ 18°C
Bromoform 75-25-2 >0.5 @ 25°C
1,1-Dichloroethane 75-34-3 >0.5882 @ 25°C
Phenol 108-95-2 <0.59 @ 25°C
Trichloroethene 79-01-6 1.25
1,1,1-Trichloroethane 71-55-6 1.37

Acetic acid 64-19-7 1.67 @ 25°C
2-Butanone 78-93-3 2.78

Benzoic acid 65-85-0 3.3 @ 125°C
Chloroethane 75-00-3 >3.33 @ 0°C
Dimethyl sulfoxide 67-68-5 5. @ 25°C
Ethanol 64-17-5 7.41 @ 25°C
o-Cresol 95-48-7 7.69
Naphthalene 91-20-3 23.0 @ 81.8¢°C
1,2-Dichloroethane 107-06-2 33.3 @ 25°C
Nitrobenzene 98-95-3 48.8 @ 25°C
1,2-Dibromoethane 106-93-4 >50. @ 19°C
Chloroform 67-66-3 >100. @ 25°C
Chlorobenzene 108-90-7 143. @ 25°C
Dichloromethane 75-09-2 232.6 @ 25°C
1,2-Dichlorobenzene 95-50-1 333. @ 25¢°C
Benzene 71-43-2 1316



Substance

Tetrachloroethene
1,4-Dioxane

m-Xylene

p-Xylene

o-Xylene

Cyclohexane

Carbon tetrachloride
Toluene

Acrylonitrile

Aldrin

Aroclor 1260 (PCB 1260)
Benz[a]anthracene
Benzidine
Benz(e)acephenanthrylene
Benzo[a]pyrene
Bis(2-chloroethyl)ether
Bis(chloromethyl)ether
Bis(2-ethylhexyl)phthalate
Bromomethane

Chlordane
6-Chloro-m-cresol
Chloromethane

Chrysene

DDT
Dibenz[a,h]anthracene
Dibromochloromethane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethene
trans-1,2-Dichloroethene
2,4-Dichlorophenol
1,2-Dichloropropane
Dieldrin

Diethyl phthalate
Dimethyl phthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dioxins (TCDD)

Endrin

Ethylbenzene

Ethylene oxide
Fluoranthene

Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane

11096-82-5
56-55-3
92-87-5

205-99-2
50-32-8
111-44-4
542-88-1
11-78-17
74-83-9
57-74-9
59-50-7
74-87-3
218-01-9
50-29-3
53-70-3
124-48-1
541-73-1
106-46-7
75-71-8
75-35-4
156-60-6
120-83-2
78-87-5
60-57-1
84-66-2
131-11-3
51-28-5
121-14-2
606-20-2
1746-01-6
72-20-8
100-41-4
75-21-8
206-44-0
76-44-8
118-74-1
87-68-3
67-72-1

v-Hexachlorocyclohexane (Lindane) 58-89-9

Isophorone
N-Nitrosodiphenylamine
Pentachlorophenol

78-59-1
86-30-6
87-86-5

Table 13 - 43

Registivit MOhm-m

\Z

N S O

.5%103
.x10% @ 25°C
.16x107
.3x107
.5x107
.43x10° @ 25°C
.5x10° @ 18°C
.x1010
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
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Substance

Phenanthrene

Potassium cyanide
Selenium

Sodium cyanide
1,1,2,2-Tetrachloroethane
Toxaphene
1,2,4-Trichlorobenzene
1,1,2-Trichloroethane
Trichlorofluoromethane
2,4,6-Trichlorophenol
Vinyl chloride
2,4-Xylenol

105-67-9

Resistivity (MOhm-m)

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown



Table 14 - 45

Table 14. The 108 selected substances ranked by ionization potential (in
electron volts, eV). The ionization potential is used by various
instruments to test the air for the presence of toxic substances.

means no information was found.

ionization potential are given in parentheses and include:

El =

electron impact,
PE = photoelectron spectroscopy,

PI = photoionization,

S = optical spectroscopy, and

VUS = vacuum ultraviolet spectroscopy.

Substance

Hydrogen cyanide
Dichlorodifluoromethane
Water
Trichlorofluoromethane
Carbon tetrachloride
Chloroform
Dichloromethane
Chloromethane
1,2-Dichloroethane
1,1-Dichloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
Acrylonitrile
1,2-Dichloropropane
Methanol
Dibromochloromethane
Ethylene oxide
Bromomethane

Bromoform

Ethanol

Mercury

Carbon disulfide

Acetic acid

Ammonia
1,2-Dibromoethane
Acrolein

Vinyl chloride
Nitrobenzene
Bis(2-chloroethyl)ether
Arsenic

Cyclohexane

Selenium

Dimethyl phthalate
Benzoic acid

Acetone
1,1-Dichloroethene
trans-1,2-Dichloroethene
2-Butanone
Trichloroethene

CAS RN

~N o~
v &
1 [}
~N W

le-\UlI-‘NWP-‘\DU‘l\I\JU‘WI—‘NO‘\\IWOPL\O\\I\OO\W\ONHO

7732-1
75-6
56-2
67-6
75-0
74-8
107-0
75-3
79-3
75-0
107-1
78-8
67-5
124-4
75-2
74-8
75-2
64-1
7439-9
75-1
64- 1
7664-4
106-9
107-0
75-0
98-9
111-4
7440-3
110-8

7782- 49

131-11-
65-85-
67-64-
75-35-

156-60-
78-93-
79-01-

cxwuml-\Howmwmbwboob\l\loc\mwxoool—u-‘mp—-wmwwwwwwbmoooo

13.

12

12.

11

11.
11.
11.
11.
11.
11.
11.
10.
10.
10.
10.
10.
10.

10
10

10.
10.
10.
10.
10.
10.
10.

O

O \O O O O O \WO\WO\WOWWYWWY

Unknown
Experimental methods for determining

Ionization Potential
eV

method
8 (EI)
.31 (PI)
6 (PI)
.77 (PI)
47 (PI)
42 (PI)
35 (PI)
3 (P1,s)
12 (PI)
12 (PI)
10 (EI)
97 (EI)
91 (PI)
87 (PI)
84 (PI,PE)
59
6 (PI,S)
.53 (s,PI)
.51 (PI)
49 (PI)
43 (VUS)
4 (s)
36 (PI)
2 (S,P1,PE)
19 (PI)
10 (PI)
.996 (S,PI)
.92 (PI)
.85
.81 (VUS)

(P1,PE)
.75 (VUS)
.75
.73  (EI)
.69 (PI)
.65 (PI)
.64 (PI)
(PI)

.45  (PI)
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Substance

Zinc

Beryllium
Tetrachloroethene
4-Methyl-2-pentanone
Benzene

1,4-Dioxane
1,3-Dichlorobenzene
Chlorobenzene
1,2-Dichlorobenzene
Cadmium

o-Cresol
1,4-Dichlorobenzene
Toluene

Ethylbenzene
m-Xylene

o-Xylene
Fluoranthene

Phenol

p-Xylene

Naphthalene
Phenanthrene
Benz[a]anthracene
Chrysene

Copper

Aniline

Nickel

Silver

Lead
Dibenz[a,h]anthracene
Chromium

Thallium

Aldrin

Aroclor 1260 (PCB 1260)
Benzidine

Benz (e)acephenanthrylene
Benzo[a]pyrene
Bis(chloromethyl)ether
Bis(2-ethylhexyl)phthalate
Chlordane
6-Chloro-m-cresol
DDT

Dibutyl phthalate
2,4-Dichlorophenol
Dieldrin

Diethyl phthalate
Dimethyl sulfoxide
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dioxins (TCDD)
Endrin

CAS RN

7440-66-
7440-41-
127-18-
108-10-
71-43-
123-91-
541-73-
108-90-
95-50-
7440-43-
95-48-
106-46-
108-88-
100-41-
108-38-
95-47-
206-44-
108-95-
106-42-
91-20-
85-01-
56-55-
218-01-
7440-50-
62-53-
7440-02-
7440-22-

6
7
4
1
2
1
1
7
1
9
7
7
3
4
3
6
0
2
3
3
8
3
9
8
3
0
4
7439-92-1
-3
-3
-0
-2
-5

542-88-1
117-81-7
57-74-9
59-50-7
50-29-3
84-74-2
120-83-2
60-57-1
84-66-2
67-68-5
51-28-5
121-14-2
606-20-2
1746-01-6
72-20-8

Ionization Potential

eV  method

.391 (s)
.32 (VUs)
.32 (PI)
.30 (PD)
.24 (S,PI)
.13 (PI)
.12 (PI)
.07 (PI)
.06 (PI)
.991 (VUS)
.98

.95 (PI)
.82 (PI)
.76  (PI)
.58 (PI1,PE)
.56 (PI)
.54

.51 (PI)
.44 (PI)
.12 (PI)
.1 (EI)
.01 (EI)
.85

.724 (VUS)
.7 (PI)
.633 (VUS)
.574 (VUS)
415 (VUS)
.28

.764 (VUS)
.106 (VUS)
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

VO NN NN NI N 00 00 00 00 00 00 00 00 00 00 00 00 00 WO \O W WO W \WWWW



Substance

Ethylene glycol
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene

v-Hexachlorocyclohexane (Lindane)

Hexachloroethane
Isophorone
N-Nitrosodiphenylamine
Pentachlorophenol
Potassium cyanide
Quinoline

Sodium cyanide
Toxaphene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
2,4,6-Trichlorophenol
2,4-Xylenol

CAS RN
107-21-1
76-44-8
118-74-1
87-68-3
58-89-9
67-72-1
78-59-1
86-30-6
87-86-5
151-50-8
91-22-5
143-33-9
8001-35-2
120-82-1
71-55-6
79-00-5
88-06-2
105-67-9

Table 14 - 47

Ionization Potential

eV  method

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
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Table 15. Ranking of the 108 selected substances by fire hazard.

The

rating system is based primarily on flash points and then on explosive

ranges in air.

Substances at the top of the list are the most dangerous.

At the bottom of the list are those substances for which no fire hazard

information was found.

Testing methods for lower and upper explosive

limits in air (lel and uel) are noted if mentioned in the literature. The
two methods most often used are the closed cup (CC) and open cup (0OC).

Some of the non-combustible (NC) substances may be ignited if they are in
the form of dust or vapor, so were given a 'Low’ rating rather than 'Very
Low’. Combustible may be abbreviated as "comb.".

as follows:

Rating

Very high
High
Moderate
Low
Very Low

Substance

Vinyl chloride

Chloroethane

Carbon disulfide

Acrolein

Ethylene oxide

Cyclohexane

Hydrogen cyanide

Acetone

1,1-Dichloroethene

Benzene

1,1-Dichloroethane
2-Butanone
Bis(chloromethyl)ether
Acrylonitrile
Chloromethane
trans-1,2-Dichloroethene
Toluene

Methanol

1,4-Dioxane
1,2-Dichloroethane
Ethanol

Ethylbenzene
1,2-Dichloropropane
4-Methyl-2-pentanone
o-Xylene

p-Xylene

m-Xylene

Chlorobenzene
Trichloroethene

Acetic acid
Bis(2-chloroethyl)ether
Chlordane

flash point range

<= 0°C
0°C-40°C

(32°F-104°F)
40°C-100°C (104°F-212°F)

> 100°C
non-combustible (NC)

CAS RN

75-01-4
75-00-3
75-15-0
107-02-8
75-21-8
110-82-7
74-90-8
67-64-1
75-35-4
71-43-2
75-34-3
78-93-3
542-88-1
107-13-1
74-87-3
156-60-5
108-88-3
67-56-1
123-91-1
107-06-2
64-17-5
100-41-4
78-87-5
108-10-1
95-47-6
106-42-3
108-38-3
108-90-7
79-01-6
64-19-7
111-44-4
57-74-9

Flash point lel

°C

-78
-50
-30
-25
-20
-20

-18.

-18

-17.

-11

-5.
-6.
-7.
-1.

0

2.

4
11

12.
12,
13.

15

15.

16
17

27.
28.
29.

32
43
55

55.

method
(cc)
(CC)
(CC)
(€C)
(0G)
(cc)
8 (CC)
(cc)
8 (0C)
(cc)
6 (CC)
67 (CC)
2 -
11 (CC)
(cc)
0 (CC)
(cc)
(cc)
2 (CC)
8 (CC)
11 (CC)
(cc)
6 (CC)
(cc)
(ce)
2 (C0)
9 (CC)
4 (CC)
(cc)
(cc)
(CC)
6 (CC)
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Ratings were determined

Rating

Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
Very High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Moderate
Moderate
Moderate



Substance

1,4-Dichlorobenzene
1,2-Dichlorobenzene
Aniline

DDT

Phenol

Naphthalene
o-Cresol

Isophorone

Dimethyl sulfoxide
Nitrobenzene
1,2,4-Trichlorobenzene
Quinoline
2,4-Xylenol
Ethylene glycol
2,4-Dichlorophenol
Benzoic acid
Toxaphene (liquid)
Dimethyl phthalate
1,3-Dichlorobenzene
Dibutyl phthalate
Diethyl phthalate
Phenanthrene
Aroclor 1260 (PCB 1260)
2,4-Dinitrotoluene

Bis(2-ethylhexyl)phthalate

Hexachlorobenzene
2,6-Dinitrotoluene
2,4-Dinitrophenol
Fluoranthene
Ammonia

Arsenic

Beryllium

Cadmium

Chromium

Copper

Lead

Nickel

Silver

Thallium

Zinc

Aldrin

Benzidine

Bromoform
Bromomethane

Carbon tetrachloride
Chloroform
Dibromochloromethane
1,2-Dibromoethane
Dichlorodifluoromethane
Dichloromethane
Dieldrin

CAS RN

106-46-7
95-50-1
62-53-3
50-29-3

108-95-2
91-20-3
95-48-7
78-59-1
67-68-5
98-95-3

120-82-1
91-22-5

105-67-9

107-21-1

120-83-2
65-85-0

8001-35-2

131-11-3

541-73-1
84-74-2
84-66-2
85-01-8

11096-82-5

121-14-2
117-81-7
118-74-1
606-20-2
51-28-5
206-44-0
7664-41-7
7440-38-2
7440-41-7
7440-43-9
7440-47-3
7440-50-8
7439-92-1
7440-02-0
7440-22-4
7440-28-0
7440-66-6
309-00-2
92-87-5
75-25-2
74-83-9
56-23-5
67-66-3
124-48-1
106-93-4
75-71-8
75-09-2
60-57-1

Flash point lel ue
%

°C method %
65.5 -
68.33 (CQC) 2.2 9.2
70 (CC) 1.3 11
72 (CC) -
78 (CC) 1.7
78.9 (CC) 0.9
81.1 - 1.4
84.4 (CQ) 0.84 3.
87.8 (CC) 2.6 28.
87.8 (CC) 1.8
98.9 (CQ) -
107.2 (cCC) -
>110 - -
111.2 (CC) 3.2
113.8 (CC) -
121 - -
135 (CC) 1.1
146 (CC) 1.2
151 (CC) 2.02
157 (CC) 0.5
163 (0C) -
171 (0C) -
195 (CC) -
206.7 (CC) -
218 (0C) -
242 - -
404 (CC) -

unknown (combustible)

Table 15 - 49

Rating

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

unknown (slightly flammable) Low

NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.
NC (comb.

dust)
dust)
dust)
dust)
dust)
dust)
dust)
dust)
dust)
dust)

in high conc.)

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
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Substance

Endrin

Heptachlor
Hexachlorobutadiene
y-Hexachlorocyclohexane
Hexachloroethane
Mercury
N-Nitrosodiphenylamine
Pentachlorophenol
Potassium cyanide
Selenium

Sodium cyanide
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichlorofluoromethane
2,4,6-Trichlorophenol
Water

Benz (e)acephenanthrylene
Benz[a]anthracene
Benzo[a]pyrene
6-Chloro-m-cresol
Chrysene
Dibenz[a,h]anthracene
Dioxins (TCDD)

86-30-6
87-86-5
151-50-8
7782-49-2
143-33-9
79-34-5
127-18-4
71-55-6
79-00-5
75-69-4
88-06-2
7732-18-5
205-99-2
56-55-3
50-32-8
59-50-7
218-01-9
53-70-3
1746-01-6

unknown
unknown
unknown
unknown
unknown
unknown
unknown

Rating

Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very
Very

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
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Table 16. References for clay-organic interactions for the 108 selected
substances. For general reference, see Goring and Hamaker (1972), Theng
(1974), MacEwan and Wilson (1980), Rausell-Colom and Serratosa (1987), or
Dragun (1988). Unknown means no information was found. Inorganic
substances typically involve cation exchange, but are otherwise not

discussed further.
Substance

Acetic Acid

Acetone

Acrolein
Acrylonitrile

Aldrin
Ammonia

Aniline

Arsenic
Aroclor 1260 (PCB 1260)
Benz[a]anthracene

CAS RN Interaction Reference
64-19-7 Brindley and Moll, 1965
Carr and Chih, 1971

Larson and Sherman, 1964

Lord and others, 1983

67-64-1 Acar and others, 1984, 1985
Anderson and Brown, 1981

Barshad, 1952

Bissada and others, 1967

Brindley and others, 1969

Brown and Thomas, 1984

Brown and others, 1983, 1984, 1986

Carr and Chih, 1971

Griffin and others, 1984

Glaeser, 1948

Lord and others, 1983

Mortland, 1970

Ruiz-Amil and MacEwan, 1957

107-02-8 Theng, 1974
107-13-1 Blumstein and others, 1974
Greenland, 1972

Mortensen, 1959

Mortensen, 1962

Yamanaka and others, 1971

Zhang and others, 1990

309-00-2 Kenega and Goring, 1980
7664-41-7 Mortland and others, 1963
Russell, 1965

62-53-3 Anderson and Brown, 1981
Anderson and others, 1981

Briggs, 1981

Brown and others, 1984

Evans and others, 1985

Greene-Kelly, 1955

Furukawa and Brindley, 1973

Heller and Yariv, 1969

Pillai and others, 1982

Tennakoon and others, 1974

Yariv and others, 1968, 1969

7440-38-2 inorganic
11096-82-5 Dragun and Helling, 1985
56-55-3 unknown
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Substance

Benzene

Benzidine

Benz (e)acephenanthrylene
Benzo[a]pyrene

Benzoic acid

Beryllium
Bis(2-chloroethyl)ether
Bis(chloromethyl)ether
Bis(2-ethylhexyl)phthalate
Bromoform

Bromome thane

2-Butanone

Cadmium

Carbon disulfide

Carbon tetrachloride

Chlordane
Chlorobenzene

6-Chloro-m-cresol
Chloroethane
Chloroform
Chloromethane
Chromium
Chrysene

Copper

o-Cresol

Cyclohexane
DDT

Dibenz[a,h]anthracene

92-87-5

205-99-2
50-32-8

65-85-0

7440-41-7
111-44-4
542-88-1
117-81-7

75-25-2
74-83-9
78-93-3

7440-43-9

75-15-0
56-23-5

57-74-9
108-90-7

59-50-7
75-00-3
67-66-3
74-87-3
7440-47-3
218-01-9
7440-50-8
95-48-7

110-82-7
50-29-3

53-70-3

Interaction Reference

Abdul and others, 1990
Acar and others, 1984, 1985
Barshad, 1952

Chiou and others, 1983
Doner and Mortland, 1969
Greene-Kelly, 1955
Karickhoff and others, 1979
Pinnavaia and Mortland, 1971
Rodgers and others, 1980
Serratosa, 1968

Vandepoel and others, 1973
Furukawa and Bridley, 1973
Greene-Kelly, 1955

McBride, 1985

unknown

Folger and Srinivasan, 1990
Srinivasan and Folger, 1990
Greene-Kelly, 1955

Yariv and others, 1966
inorganic

unknown

unknown

unknown

unknown

unknown

Abdul and others, 1990
inorganic

inorganic

Evans and others, 1985
Rogers and McFarlane, 1981
unknown

Chiou and others, 1983
Greene-Kelly, 1955
Serratosa, 1968

unknown

unknown

unknown

unknown

inorganic

unknown

inorganic

Erickson, 1948
Greene-Kelly, 1955

Rao and others, 1988

Fleck and Haller, 1945
Huang and Liao, 1970
Karickhoff, 1981

Kenega and Goring, 1980
McCall and others, 1980
Richardson and Epstein, 1971
unknown



Substance

Dibromochloromethane
1,2-Dibromoethane

Dibutyl phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane

1,1-Dichloroethene
trans-1,2-Dichloroethene
Dichloromethane
2,4-Dichlorophenol

1,2-Dichloropropane
Dieldrin

Diethyl phthalate
Dimethyl phthalate
Dimethyl sulfoxide

4-Dinitrophenol

4-Dinitrotoluene
6-Dinitrotoluene
4

ioxane

D
D
D
D

Dioxins (TCDD)
Endrin
Ethanol

Ethylbenzene

Ethylene oxide

CAS RN

124-48-1
106-93-4

84-74-2
95-50-1
541-73-1
106-46-7
75-71-8
75-34-3
107-06-2

75-35-4
156-60-5
75-09-2
120-83-2

78-87-5
60-57-1

84-66-2
131-11-3
67-68-5

51-28-5
121-14-2
606-20-2
123-91-1
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Interaction Reference

unknown

Rogers and McFarlane,
Sawhney and Gent,

1981
1990

unknown

Chiou and others,
Chiou and others,
Chiou and others,

1983
1983
1983

unknown
unknown

Karickhoff,
Rao and others,

1981
1988

unknown

Rao and others,

1988

unknown

Davidson and others,

1980

Artiola-Fortung and Fuller, 1982

unknown

Boucher and Lee,
Fowker and others,
Huang and Liao,

1972
1960
1970

unknown
unknown

Andrews and others,
Jacobs and Sterckx,
Folger and Srinivasan,

1967
1970
1990

unknown
unknown

Brindley and others,
Brindley and Tsunashima,
Carr and Chih,

Griffin and others,
Hoffmann and Brindley,

1969
1972
1971
1984
1962

Greenland and others, 1965a, 1965b

1746-01-6
72-20-8
64-17-5

100-41-4

75-21-8

Folger and Srinivasan,
Fowker and others,
Barshad,

Bissada,

Brindley and others,

Dandy and Nadiye-Tabbiruk,

Dowdy and Mortland,
Griffin and others,
Mesri and Olson,
Mortland,

Stul,

Chiou and others,
Rao and others,

1990
1960
1952
1967
1969
1982
1967
1984
1971
1970
1985
1983
1988

unknown
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Substance

Ethylene glycol

Fluoranthene
Heptachlor

Hexachlorobenzene
Hexachlorobutadiene

v-Hexachlorocyclohexane (Lindane)

Hexachloroethane
Hydrogen cyanide
Isophorone

Lead

Mercury
Methanol

4-Methyl-2-pentanone
Naphthalene

Nickel
Nitrobenzene

N-Nitrosodiphenylamine
Pentachlorophenol

Phenanthrene

206-44-0
76-44-8

118-74-1
87-68-3
58-89-9

67-72-1
74-90-8
78-59-1
7439-92-1
7439-97-6
67-56-1

108-10-1
91-20-3

7440-02-0
98-95-3

86-30-6
87-86-5

85-01-8

Interaction Reference

Anderson and Brown, 1981
Anderson and Jones, 1983
Brindley, 1966

Dowdy and Mortland, 1968
Greenland, 1972

Griffin and others, 1984
Hoffmann and Brindley, 1961
Lord and others, 1983
Mortland, 1970

Parfitt and Greenland, 1970
Reynolds, 1965

Schramm and others, 1986
Walker, 1958

unknown

Huang and Liao, 1970
Malina and others, 1956
Dragun and Helling, 1985
unknown

Boucher and Lee, 1972
Karickhoff, 1981

Lotse and others, 1968
McCall and others, 1980
unknown

unknown

unknown

inorganic

inorganic

Anderson and others, 1981, 1985
Brindley and others, 1969
Foreman and Daniel, 1984
Griffin and others, 1984
Lord and others, 1983
Theng, 1974

unknown

Karickhoff and others, 1979
MacEwan, 1948

inorganic

Acar and others, 1984, 1985
Barshad, 1952

Briggs, 1981

Greene-Kelly, 1955

Yariv and others, 1966
unknown

Choi and Aomine, 1974
Folger and Srinivasan, 1990
Kenega and Goring, 1980
Nose, 1966

Srinivasan and Folger, 1990
Karickhoff and others, 1979



Substance

Phenol

Potassium cyanide
Quinoline

Selenium
Silver
Sodium cyanide

1,1,2,2-Tetrachloroethane

Tetrachloroethene

Thallium
Toluene

Toxaphene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

Trichlorofluoromethane
2,4,6-Trichlorophenol

Vinyl chloride
Water

CAS RN

108-95-2

151-50-8
91-22-5

7782-49-2
7440-22-4
143-33-9
79-34-5

127-18-4

7440-28-0
108-88-3

75-69-4
88-06-2
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Interaction Reference

Acar and others, 1985
Artiola-Fortung and Fuller, 1982
Erickson, 1948

Fenn and Mortland, 1973
Greene-Kelly, 1955

Isaacson and Sawhney, 1983
Kenega and Goring, 1980
Wang and others, 1978
unknown

Doehler and Young, 1962
Greene-Kelly, 1955

Helmy and others, 1983
Kutilek and Slangerova, 1966
Yamamoto and others, 1969
inorganic

inorganic

unknown

Karickhoff, 1981

Rao and others, 1988

Abdul and others, 1990
Karickhoff, 1981

inorganic

Doner and Mortland, 1969
Pinnavaia and Mortland, 1971
Pimmavaia and others, 1974
Rao and others, 1988
Sadowski, 1988

LaFleur, 1974

Chiou and others, 1983
Karickhoff, 1981

unknown

Abdul and others, 1990
Anderson and others, 1985
Brown and Thomas, 1984

Rao and others, 1988
Rogers and McFarlane, 1981
Sawhney and Gent, 1990
unknown

Folger and Srinivasan, 1990

Rosenfield and van Valkenburg, 1965

75-01-4
7732-18-5

unknown

Elprince, 1986

Greenland and Hayes, 1981
Newman, 1987

Sposito, 1984

van Olphen, 1977

Yariv and Cross,

1979
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Substance

m-Xylene
o-Xylene
p-Xylene

2,4-Xylenol
Zinc

108-38-3
95-47-6
106-42-3

105-67-9
7440-66-6

Interaction Reference

See p-Xylene
See p-Xylene

Abdul and others, 1990
Anderson and Brown, 1981
Anderson and Jones, 1983

Anderson and others, 1981
Brown and Thomas, 1984
Brown and others, 1986

Lord and others, 1983
Pinnavaia and Mortland, 1971
Rao and others, 1988

Schramm and others, 1986
unknown

inorganic
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Table 17. Threshold Limit Values (TLVs) for the 108 selected hazardous
substances. Values are taken from the American Conference of Governmental
Industrial Hygienists publication "Threshold Limit Values and Biological
Exposure Indices for 1988-1989". Refer to the definition section of this
report and the above booklet for more complete discussions of TLVs.

Al  Confirmed human carcinogen
A2  Suspected human carcinogen
C Ceiling limit

Short-term Exposure Limit

Time-Weighted 8-hour Average

¢ Substance for which OSHA or NIOSH has a Permissible
Exposure Limit (PEL) or a Recommended Exposure
Limit (REL) less than the TLV

B Substance identified by other sources as a

suspected or confirmed human carcinogen.

TWA STEL Substance CAS RN
ppm  (mg/m?) ppm  (mg/m3)

10 25 15 (37) Acetic acid 64-19-7

750 1780 1000 (2375) #Acetone 67-64-1

0.1 (0.25) 0. (0.8) Acrolein 107-02-8

2,A2 4.5),A2 - - (skin) emAcrylonitrile 107-13-1

- 0.25) - - (skin) Aldrin 309-00-2

25 18 35 (27) Ammonia 7664-41-7

2 10 - - (skin) M®Aniline 62-53-3

- 0.2 - - ¢BArsenic 7440-38-2

- 0.2 ,A2 - - Benz[a]anthracene(coal tar) 56-55-3

10,A2 30,A2 - - ¢EBenzene 71-43-2

- Al - - (skin) ®Benzidine 92-87-5

- - - - Benz (e)acephenanthrylene 205-99-2

- A2 - - EBenzo[a]pyrene 50-32-8

- - - - Benzoic acid 65-85-0

- 0.002,A2 - - ¢EBeryllium 7440-41-7

5 30 10 60 Bis(2-chloroethyl)ether 111-44-4

- 5 - 10 ¢mBis(2-ethylhexyl)phthalate 117-81-7

0.001 0.005 - - ¢mBis(chloromethyl)ether 542-88-1

0.5 5 - - (skin) Bromoform 75-25-2

5 20 - - (skin) Bromomethane 74-83-9

200 590 300 885 2-Butanone 78-93-3

0.05 - - Cadmium 7440-43-9

10 30 - - (skin) +¢Carbon disulfide 75-15-0

5,A2 30,A2 - - (skin) emCarbon tetrachloride 56-23-5

- 0.5 - 2 (skin) ®mChlordane 57-74-9

75 350 - Chlorobenzene 108-90-7

- - - - 6-Chloro-m-cresol 59-50-7

1000 2600 - - Chloroethane 75-00-3

10,A2 50,A2 - - Chloroform 67-66-3

50 105 100 205 ¢EChloromethane 74-87-3

- 0.05 - - Chromium (metal) 7440-47-3

A2 A2 - - EChrysene 218-01-9

- 0.2 - - Copper (fume, dust, mist) 7440-50-8
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.03

TWA STEL
ppm  (mg/m?) ppm  (mg/m?)
5 22 - -
300 1050 - -
- 1 - -
A2 A2 - -
- 5 - -
C 50 ¢ 300 - -
75 450 110 675
1000 4950 - -
200 810 250 1010
10 40 - .
5 20 20 80
50,A2 175,A2 - .
75 350 110 510
- 0.25 - -
- 5 - -
- 5 - -
- 1.5 - -
25 90 - .
. 0.1 - -
1000 1900 - -
100 435 125 545
C 50 C 450 - .
1,A2  2,A2 - .
- 0.5 - .
0.02 0.24,A2 - .
- 0.5 - .
1 10 - -
- 5 - -
C5 €25 - .
- 0.15 - -
- 0.01 - 0
- 0.05 - -
- 0.1 - .
200 260 250 310
50 205 75 300
10 50 15 75
- 1 - -
1 5 - .

(skin)

(skin)

(skin)
(skin)

(skin)

(skin)

(skin)
(skin)

(skin)

(skin)

Substance CAS RN
o-Cresol 95-48-7
Cyclohexane 110-82-7
+mEDDT 50-29-3
Dibenz[a,h]anthracene 53-70-3
Dibromochloromethane 124-48-1
4ml,2-Dibromoethane 106-93-4
Dibutyl phthalate 84-74-2
1,3-Dichlorobenzene 541-73-1
1,2-Dichlorobenzene 95-50-1
1,4-Dichlorobenzene 106-46-7
Dichlorodifluoromethane 75-71-8
¢41,1-Dichloroethane 75-34-3
+ml,2-Dichloroethane 107-06-2
+ml,1-Dichloroethene 75-35-4
trans-1,2-Dichloroethene 156-60-5
¢Dichloromethane 75-09-2
2,4-Dichlorophenol 120-83-2
1,2-Dichloropropane 78-87-5
¢Dieldrin 60-57-1
Diethyl phthalate 84-66-2
Dimethyl phthalate 131-11-3
Dimethyl sulfoxide 67-68-5
2,4-Dinitrophenol 51-28-5
4E2,4-Dinitrotoluene 121-14-2
2,6-Dinitrotoluene 606-20-2
4H1,4-Dioxane 123-91-1
Dioxins (TCDD) 1746-01-6
Endrin 72-20-8
Ethanol 64-17-5
Ethylbenzene 100-41-4
Ethylene glycol 107-21-1
mEthylene oxide 75-21-8
Fluoranthene 206-44-0
Heptachlor 76-44-8
Hexachlorobenzene 118-74-1
Hexachlorobutadiene 87-68-3
my-Hexachlorocyclohexane 58-89-9
Hexachloroethane 67-72-1
Hydrogen 74-90-8
Isophorone 78-59-1
Lead (dusts, fumes) 7439-92-1
Mercury (alkyl cmpds) 7439-97-6
Mercury
(all exc. alkyl cmpds.) 7439-97-6
#Mercury
(aryl and inorg. cmpds) 7439-97-6
Methanol 67-56-1
4 -Methyl-2-pentanone 108-10-1
Naphthalene 91-20-3
mNickel (metal) 7440-02-0
Nitrobenzene 98-95-3



IWA
ppm  (mg/m®)
- 1
- 0.5
- 0.5
19
- 5
- 0.2
- 0.1
- 0.01
- 5
1 7
50 335
- 0.1
100 375
- 0.5
C5 C 40
350 1900
10 45
50 270
C 1000 C 5600
5,A2 10,A2
100 435
100 435
100 435

STEL

ppm

(mg/m3)

V=N

(skin)
(skin)
(skin)

(skin)
(skin)

(skin)
(skin)

(skin)

(skin)

(skin)

Table 17 - 59

Substance

N-Nitrosodiphenylamine
PCB (42% C1)

PCB (54% Cl)
Pentachlorophenol
Phenanthrene

Phenol

Potassium cyanide
Quinoline

Selenium

Silver (metal)

Silver (soluble cmpds.)

Sodium cyanide

4ml1,1,2,2-Tetrachloroethane

¢Tetrachloroethene

CAS RN

86-30-6

53469-21-9
11097-69-1

87-86-5
85-01-8
108-95-2
151-50-8
91-22-5
7782-49-2
7440-22-4
7440-22-4
143-33-9
79-34-5
127-18-4

Thallium (soluble cmpds.) 7440-28-0

Toluene

Toxaphene

1,2,4-Trichlorobenzene
41,1,1-Trichloroethane
+ml,1,2-Trichloroethane
¢ETrichloroethene

Trichlorofluoromethane

2,4,6-Trichlorophenol
#®Vinyl chloride

Water

m-Xylene

o-Xylene

p-Xylene

2,4-Xylenol

Zinc (metal)

108-88-3
8001-35-2
120-82-1
71-55-6
79-00-5
79-01-6
75-69-4
88-06-2
75-01-4
7732-18-5
108-38-3
95-47-6
106-42-3
105-67-9
7440-66-6
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Table 18. Classification of the 108 selected substances by use (water is
not included). Substances may appear in more than one classification and
not all uses are given for a particular substance. The Chemical Abstracts
Service Registry Number (CAS RN) is given for each substance.

Substance CAS RN

Chemical processing or manufacturing/plastics/organic synthesis

Acetic acid 64-19-7
Acrolein 107-02-8
Acrylonitrile 107-13-1
Ammonia 7664-41-7
Aniline 62-53-3
Benzene 71-43-2
Benzidine 92-87-5
Benzoic acid 65-85-0
Bis(chloromethyl) ether 542-88-1
Bis(2-ethylhexyl) phthalate 117-81-7
Carbon disulfide 75-15-0
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroethane 75-00-3
Chloromethane 74-87-3
Chromium 7440-47-3
o-Cresol 95-48-7
Cyclohexane 110-82-7
Dibromochloromethane 124-48-1
1,2-Dibromoethane 106-93-4
Dibutyl phthalate 84-74-2
1,2-Dichlorobenzene 95-50-1
Dichlorodifluoromethane 75-71-8
1,1-Dichloroethane 75-34-3
1,2-Dichloroethane 107-06-2
1,1-Dichloroethene 75-35-4
trans-1,2-Dichloroethene 156-60-5
Dichloromethane 75-09-2
2,4-Dichlorophenol 120-83-2
1,2-Dichloropropane 78-87-5
Diethyl phthalate 84-66-2
Dimethyl phthalate 131-11-3
Dimethyl sulfoxide 67-68-5
2,4-Dinitrophenol 51-28-5
2,4-Dinitrotoluene 121-14-2
2,6-Dinitrotoluene 606-20-2
1,4-Dioxane 123-91-1
Ethanol 64-17-5
Ethylbenzene 100-41-4
Ethylene glycol 107-21-1
Ethylene oxide 75-21-8
Hexachlorobenzene 118-74-1
Hexachlorobutadiene 87-68-3
Hexachloroethane 67-72-1
Hydrogen cyanide 74-90-8
Isophorone 78-59-1



Substance

Methanol

4 -Methyl-2-pentanone
Naphthalene
Nitrobenzene
Pentachlorophenol
Quinoline

Sodium cyanide
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Thallium

Toluene
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
2,4,6-Trichlorophenol
Vinyl chloride
m-Xylene

o-Xylene

p-Xylene

2,4-Xylenol

Zinc

Chlorinated solvent

Bis(2-chloroethyl) ether
Carbon tetrachloride
Chlorobenzene
Chloroethane

Chloroform
1,2-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
trans-1,2-Dichloroethene
Dichloromethane
1,2-Dichloropropane
Hexachlorobutadiene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane

Chlorofluorocarbon/refrigerant manufacture

Chloroform
Dibromochloromethane
Dichlorodifluoromethane
trans-1,2-Dichloroethene
Trichloroethene
Trichlorofluoromethane
Vinyl chloride

Table 18 - 61

CAS RN

7440-66-6

111-44-4
56-23-5
108-90-7
75-00-3
67-66-3
95-50-1
75-71-8
75-34-3
107-06-2
156-60-5
75-09-2
78-87-5
87-68-3
79-34-5
127-18-4
120-82-1
71-55-6
79-00-5
79-01-6
75-69-4

67-66-3
124-48-1
75-71-8
156-60-5
79-01-6
75-69-4
75-01-4



62 - Table 18

Substance CAS RN
Hydrocarbon fuel or oils/manufacture/refining/by-product
Benz(e)acephenanthrylene 205-99-2
Benz[a]anthracene 56-55-3
Benzene 71-43-2
Benzo[a]pyrene 50-32-8
Carbon disulfide 75-15-0
Chloromethane 74-87-3
Chrysene 218-01-9
o-Cresol 95-48-7
Cyclohexane 110-82-7
Dibenz[a,h]anthracene 53-70-3
1,2-Dibromoethane 106-93-4
1,1-Dichloroethane 75-34-3
1,2-Dichloroethane 107-06-2
1,2-Dichloropropane 78-87-5
Ethanol 64-17-5
Ethylbenzene 100-41-4
Fluoranthene 206-44-0
Lead 7439-92-1
Methanol 67-56-1
Naphthalene 91-20-3
Nickel 7440-02-0
Nitrobenzene 98-95-3
Phenanthrene 85-01-8
Phenol 108-95-2
Toluene 108-88-3
1,2,4-Trichlorobenzene 120-82-1
m-Xylene 108-38-3
o-Xylene 95-47-6
p-Xylene 106-42-3
2,4-Xylenol 105-67-9
Metal manufacture/treatment/degreasing
Arsenic 7440-38-2
Beryllium 7440-41-7
Cadmium 7440-43-9
Chromium 7440-47-3
Copper 7440-50-8
1,1-Dichloroethane 75-34-3
1,2-Dichloropropane 78-87-5
Hexachloroethane 67-72-1
Hydrogen cyanide 74-90-8
Lead 7439-92-1
Nickel 7440-02-0
Potassium cyanide 151-50-8
Selenium 7782-49-2
Silver 7440-22-4
Sodium cyanide 143-33-9
1,1,2,2-Tetrachloroethane 79-34-5
Tetrachloroethene 127-18-4
1,1,1-Trichloroethane 71-55-6

Trichloroethene 79-01-6
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Substance CAS RN
Zinc 7440-66-6
Organic solvent
Acetone 67-64-1
2-Butanone 78-93-3
Carbon disulfide 75-15-0
Cyclohexane 110-82-7
1,2-Dibromoethane 106-93-4
Dibutyl phthalate 84-74-2
Dimethyl sulfoxide 67-68-5
1,4-Dioxane 123-91-1
Ethylene glycol 107-21-1
Isophorone 78-59-1
Methanol 67-56-1
4-Methyl-2-pentanone 108-10-1
Nitrobenzene 98-95-3
Phenol 108-95-2
Quinoline 91-22-5
m-Xylene 108-38-3
o-Xylene 95-47-6
p-Xylene 106-42-3

Pesticide/herbicide/fumigants (primary or manufacturing intermediate)

Aldrin 309-00-2
Bromomethane 74-83-9
Cadmium 7440-43-9
Carbon disulfide 75-15-0
Carbon tetrachloride 56-23-5
Chlordane 57-74-9
Chloroethane 75-00-3
Chloroform 67-66-3
Chloromethane 74-87-3
Copper 7440-50-8
o-Cresol 95-48-7
Cyclohexane 110-82-7
DDT 50-29-3
Dibromochloromethane 124-48-1
1,2-Dibromoethane 106-93-4
Dibutyl phthalate 84-74-2
1,2-Dichlorobenzene 95-50-1
1,3-Dichlorobenzene 541-73-1
1,4-Dichlorobenzene 106-46-7
2,4-Dichlorophenol 120-83-2
1,2-Dichloropropane 78-87-5
Dieldrin 60-57-1
Diethyl phthalate 84-66-2
2,4-Dinitrophenol 51-28-5
1,4-Dioxane 123-91-1
Endrin 72-20-8
Ethylene oxide 75-21-8
Hexachlorobenzene 118-74-1
v-Hexachlorocyclohexane 58-89-9
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Substance

Hydrogen cyanide
Isophorone

Naphthalene
N-Nitrosodiphenylamine
Pentachlorophenol
Silver
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Thallium

Toxaphene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
2,4,6-Trichlorophenol
m-Xylene

o-Xylene

p-Xylene

2,4-Xylenol

Pharmaceutical /medicine/disinfectant

6-Chloro-m-cresol
Chloroform
o-Cresol
1,4-Dichlorobenzene
trans-1,2-Dichloroethene
Dichloromethane
Dimethyl sulfoxide
Ethanol

Ethylene glycol
Ethylene oxide
Hexachloroethane
Mercury

Methanol
Nitrobenzene
Phenanthrene

Phenol

Quinoline
Tetrachloroethene
2,4-Xylenol

Preservative

rimar

or intermediate

6-Chloro-m-cresol - glues, inks, leather, cosmetics

Chloroform - standard solutions

2,4-Dichlorophenol - wood

Dimethyl sulfoxide - cells at low temperature

2,4-Dinitrophenol - wood

Hexachlorobenzene - wood (starter for pentachlorophenol)

Pentachlorophenol - wood

2,4,6-Trichlorophenol - wood

CAS RN

74-90-8
78-59-1
91-20-3
86-30-6
87-86-5
7440-22-4
79-34-5
127-18-4
7440-28-0
8001-35-2
120-82-1
71-55-6
79-00-5
88-06-2
108-38-3
95-47-6
106-42-3
105-67-9

59-50-7
67-66-3
95-48-7
106-46-7
156-60-5
75-09-2
67-68-5
64-17-5
107-21-1
75-21-8
67-72-1
7439-97-6
67-56-1
98-95-3
85-01-8
108-95-2
91-22-5
127-18-4
105-67-9

59-50-7
67-66-3
120-83-2
67-68-5
51-28-5
118-74-1
87-86-5
88-06-2



Other

Substance

Aroclor 1260 (PCB 1260) - electrical transformers
Arsenic - glass, semiconductors

Bromoform - mineral separation

Cadmium - batteries, solder, electronics
Chloromethane - in cigarette smoke

Chromium - tanning, blood tracer, photography
Chrysene - in cigarette smoke

Copper - plumbing, electrical conductors

o-Cresol - ore flotation

1,4-Dichlorobenzene - air deodorizers
1,1-Dichloroethane - ore floatation
1,2-Dichloroethane - dry cleaning, soaps
trans-1,2-Dichloroethene - perfumes

Dichloromethane - photographic film

Diethyl phthalate - mosquito repellant

Dimethyl phthalate - insect repellant, perfumes
2,4-Dinitrophenol - photographic chemicals
2,4-Dinitrotoluene - explosives

2,6-Dinitrotoluene - explosives

1,4-Dioxane - cosmetics, scintillation counters
Dioxins (TCDD) - contaminant in prod. of chlorophenols
Ethanol - alcoholic beverages, perfumes

Ethylene glycol - antifreeze

Ethylene oxide- rocket propellant

Fluoranthene - in cigarette smoke

Hexachlorobutadiene - heat-transfer fluid, hydraulics
Hexachloroethane - smoke candles and grenades
Hydrogen cyanide - gold and silver extraction from ore
Lead - construction material, storage batteries, solder
Mercury - barometers, arc lamps, switches, dentistry
Methanol - antifreeze

Naphthalene - lampblack, smokeless powder

Nickel - batteries, glass, ceramics

Nitrobenzene - shoe and floor polish, leather dressings
Phenanthrene - explosives, dyestuffs

Potassium cyanide - extraction of ores

Selenium - photocells, rectifiers, photographic toner
Silver - electrical conductors, dentistry

Sodium cyanide - ore extraction
1,1,2,2-Tetrachloroethane - dry cleaning, in cement
Tetrachloroethene - dry cleaning

Thallium - infrared optical instruments, switches
Toluene - explosives (TNT), scintillation counters
1,2,4-Trichlorobenzene - dye carrier
1,1,1-Trichloroethane - photographic film, dyeing
Trichlorofluoromethane - blowing agent for foams
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CAS RN

11096-82-5
7440-38-2
75-25-2
7440-43-9
74-87-3
7440-47-3
218-01-9
7440-50-8
95-48-7
106-46-7
75-34-3
107-06-2
156-60-5
75-09-2
84-66-2
131-11-3
51-28-5
121-14-2
606-20-2
123-91-1
1746-01-6
64-17-5
107-21-1
75-21-8
206-44-0
87-68-3
67-72-1
74-90-8
7439-92-1
7439-97-6
67-56-1
91-20-3
7440-02-0
98-95-3
85-01-8
151-50-8
7782-49-2
7440-22-4
143-33-9
79-34-5
127-18-4
7440-28-0
108-88-3
120-82-1
71-55-6
75-69-4
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Table 19. Maximum Contaminant Level Goals (MCLGs) and Maximum Contaminant
Levels (MCLs) for drinking water contaminants in the U.S. The standards
are established by the U.S. Environmental Protection Agency (EPA) as
required by the Safe Drinking Water Act (SDWA) Amendments of 1986. All
current drinking water regulations may be found in the Code of Federal
Regulations (CFR) Volume 40, Parts 141, 142, and 143. Regulations
published between CFRs may be found in the Federal Register. The MCLG is
a level to be established at which no known or anticipated adverse effects
on the health of persons occur and that allows an adequate safety margin.
By policy, the EPA sets MCLGs at zero for known or probable human
carcinogens. The MCL is the maximum permissible level of a contaminant in
water which is deliverable to any user of a public water system. The MCL
is to be established as close to the MCLG as feasible. The MCLG is a non-
enforceable health-based goal and the MCL is an enforceable standard that
public water systems must meet. There are two types of drinking water
standards: primary MCLs and secondary MCLs. Primary MCLs are set for
substances that are of a concern for health and are enforceable. Secondary
MCLs serve as guidelines in setting levels based on aesthetic
considerations such as taste or odor and are not federally enforceable.
Contaminants that appear in this report are noted with an asterisk (*)
before the name. Values are in milligram/liter (mg/l) unless noted
otherwise. Other abbreviations are mrem/yr (millirem per year), pCi/l
(picoCurie per liter), NA (not Applicable), and - (no value set). These
values are from the July 1, 1991 edition of the CFR.

B Effective January 1, 1993

MCLG (mg/1 MCL (mg/1
Volatile Organic Chemicals

*Benzene zero 0.005
*Carbon tetrachloride zero 0.005
*Chlorobenzene 0.1 0.1
*1,4-Dichlorobenzene 0.075 0.075
*1,2-Dichlorobenzene 0.6 0.6
*1,2-Dichloroethane zero 0.005
*1,1-Dichloroethene 0.007 0.007
*cis-1,2-Dichloroethene 0.07 0.07
*trans-1,2-Dichloroethene 0.1 0.1
*Tetrachloroethene zero 0.005
*1,1,1-Trichloroethane 0.2 0.2
*Trichloroethene (TCE) zero 0.005
*Vinyl Chloride zero 0.002
Synthetic Organic Chemicals/Pesticides

Alachlor - 0.002
Aldicarb m 0.01 m 0.003
Aldicarb sulfoxide m 0.01 m 0.004
Aldicarb sulfone m 0.01 m 0.002
Atrazine 0.003 0.003
Carbofuran 0.04 0.04
*Chlordane - 0.002
2,4-D 0.07 0.07
Dibromochloropropane (DBCP) - 0.0002
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(Treatment technique requirements are established in

microbial contaminants.)

MCIG (mg/1) MCL (mg/1)
Synthetic Organic Chemicals/Pesticides (contlnued)
*1,2-Dichloropropane 0.005
*Endr1n - 0.0002
*Ethylbenzene 0.7 0.7
Ethylene dibromide (EDB) - 0.00005
*Heptachlor - 0.0004
Heptachlor epoxide - 0.0002
*Lindane 0.0002 0.0004
Methoxyclor m 0.4 0.1
*Polychlorinated biphenyls (PCBs) - 0.0005
*Pentachlorophenol - 0.001
2,4,5-TP (Silvex) 0.05 0.05
Styrene 0.1 0.1
*Toluene 1 1
*Toxaphene - 0.005
*Total Trihalomethanes (chloroform, bromoform
bromodichloromethane, dibromochloromethane) 0.1
*Xylenes (total) 10 10
Inorganic Chemicals
*Arsenic - 0.05
Asbestos (longer than 10 pm) 7 million fibers/L
Barium 2 m 2
*Cadmium 0.005 0.010
*Chromium 0.1 0.05
*Copper 1.3 1.3
Fluoride 4.0 4.0
*Lead zero 0.05
*Mercury - 0.002
Nitrate (as N) 10 10
Nitrite (as N) 1 1
Total Nitrate and Nitrite 10 10
*Selenium 0.05 0.01
*Silver - 0.05
Radiological Contaminants
Radium 226 and 228 zero 5 pCi/L
Gross Alpha Particle Activity zero 15 pCi/L
Beta Particle and Photon Radioactivity zero 4 mrem/yr
Microbial Contaminants
Total Coliform zero NA
Giardia lamblia zero NA
Legionella zero NA
Turbidity zero NA
Viruses zero NA

lieu of MCLs for
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THE SUBSTANCES

For each substance, the data when available in the literature are given in
the following categories and format. NA indicates that the property is not
applicable to this substance considering the physical state at normal earth
surface or near-surface conditions. Unknown indicates that the property
for this substance was not found in the literature search. Subtopics in
some categories were eliminated if nothing for that category was found
(e.g. subtopics under Toxicity).

Name, Chemical formula, Chemical Abstract Service Registry Number
Synonyms
Molecular and/or structural formulas, Chemical family
Physical properties:

Relative molecular mass

Specific gravity

Boiling point

Melting point

Refractive index

Vapor pressure

Vapor density

Evaporation rate

Relative dielectric permittivity

Loss tangent

Relaxation time

Thermal conductivity

Electrical resistivity

Critical temperature

Critical pressure

Dynamic viscosity

Kinematic viscosity

Surface tension

Contact angle

Thermal expansion coefficient

Compressibility

Vapor diffusivity

Solution diffusivity

Electric dipole moment

Ionization potential

Magnetic volume susceptibility

Speed of sound

Heat of melting

Heat of vaporization

Heat of sublimation

Heat capacity

Heat of combustion

Heat of formation

Gibbs (free) energy
Analytical chemistry (partition coefficient, Henry's law constant,

hydrolysis half-life, half-life in soil and groundwater,
and ionization constant)

Electrochemical data
Clay-organic interaction data



Solubility

Form (color, state, odor, taste, commercial mixtures)

Use

Fire and explosion hazard (includes flash points and explosion limits)
Incompatibilities

Handling (includes personal protection methods and storage)

Health effects

Toxicity (includes exposure limits and carcinogenic potential)

Exposure (effects of external, oral, and inhalation exposures to humans)

69
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Acetic acid

CoH,02

CAS RN: 64-19-7

Syn: Acetic acid * Ethanoic acid * Ethylic acid * Glacial acetic acid *
Methane carboxylic acid * Methylformic acid * UN 2789 (DOT) * UN 2790 (DOT)
* Pyroligneous acid * Vinegar acid %

Molecular formula: CH3;COOH

Physical properties:
Relative molecular mass:
Specific gravity:

Boiling point:

Melting point:

Refractive index:

Vapor pressure:

Vapor density:

Evaporation rate:

Relative dielectric permittivity:

Loss tangent:
Relaxation time:
Thermal conductivity:

= e = O

118.
118.
117.
117.

= e
oo Oy O

OO ONNNN O

.1

Carboxylic Acid

.0526
.05 [32]
.051 [107]
.04955 [49]
.0492 [10],[105],[22],[106]
.049 [51],[104],[48],[47]
1°C [51],(104],[22]
°C [32],[48],[22]
% [10],[105],[107]
885°C [49]
.7°C [51],[107],([104],[48],[22]
.66°C [49]
.63°C [10],[22]
.604°C [105]
.6°C [32],[106]
.3720 [106]
.3719 [49]
.3716 [10],[105]
.3715 [22]
.666 kPa @ 6.3°C (5mm) [20],[47]
.333 kPa @ 17.5°C (10mm) [105],[20]
.520 @ 20°C  (1l.4mm) [51],[104)
.467 @ 20°C  (11lmm) [32]
.079 @ 25°C  (15.6mm) [(49]
.666 @ 30°C  (20mm) [104]
.07 [51],[104]
[32]
.97 [32]
.1 @ 2°c (11]
.14 @ 20°C [11]
.15 @ 20°C [105],[10],[20]
.17 @ 20°c [49]
.19 @ 25°C (1.5 MHz) [2]
.29 @ 40°C [105]
.3 @ 40°c [11]
.6 @ 70°C [11]
.62 @ 70°C {105]
.177 W/(m-K) @ 0°C [48]
.198 @ 12¢°C [48]
.193 @ 20°C (48]
.172 @ 20°C [105]
.171 @ 20°C [47]
.180 @ 25°C [10], [48]



Electrical resistivity: 2
1
0
0
Critical temperature: 321.
321.
319,
Critical pressure: 5
Dynamic viscosity: 1
1
1
1
1
1
0
0]
0
Kinematic viscosity: 1
1
1
1
0
0
0
0
0
Surface tension: 28
27
27
26
24
Contact angle in degrees: [18]
quartz
calcite
biotite
Ca-mont.
Na-mont.
Thermal expansion coefficient: 0
0
0
Compressibility: 0
0
0
1
1
1
1
1
Vapor diffusivity: 10

Acetlc acid - 71

.00 MOhm-m @ 0°C [10],[11]
.67 @ 25°C [49]
.893 @ 25°C [10]
.417 @ 25°C [11]
6°C [105],[107]
3°C [10]
56°C [49]
.786 MPa [49],[10],[105],[107]
.314 mPa-s @ 15°C [10]
.30 @ 18°C [105]
.22 @ 20°C [22]
.155 @ 25.2°C [105]
.04 @ 30°C [105]
.00 @ 41°C [105]
.70 @ 59°C [105]
.60 @ 70°C [105]
.43 @ 100°C [105]
.252 pum?/s @ 15°C
.24 @ 18°C
.16 @ 20°C
.101 @ 25.2°C
.99 @ 30°C
.95 @ 4l1°C
.67 @ 59°C
.57 @ 70°C
.41 @ 100°C
.8 mN/m @ 10°C vapor [105]
42 @ 20°C [49]
.8 @ 20°C vapor [105]
.34 @ 30°C [16],[49]
.8 @ 50°C vapor [105]
sessile advancing receding

7 12 3

25 31 17

7 12 0

0 5 0
swelled swelled swelled
.001078 K1 @ 20°C [49]
.00107 @ 20°C [48]
.00111 @ 55°C [49]
.875 nPa’l @ 15°C [105]
.908 @ 20°C [105]
.972 @ 30°C [105]
.037 @ 40°C [105]
.111 @ 50°C [105]
.191 @ 60°C [105]
.277 @ 70°C [105]
.368 @ 80°C [105]
.64 pm?/s @ 0°C [47]
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Solution diffusivity:

Electric dipole moment:

Ionization potential:

Speed of sound:
Heat of melting:

Heat of vaporization:

of sublimation:
capacity @ 25°C:

Heat
Heat

Heat of combustion:

Heat of formation:

Gibbs (free) energy:

Analytical chemistry:

NME=ENOMNDW

10.
Magnetic volume susceptibility: -6.

unknown

11.
11.
11.
11.
41.
39.
24,
24,
23.

unknown

10.
11.

9

pKgg = unknown

Henry’s law constant = 1

to 1

Hydrolysis half-life = unknown
Half-life in soil = unknown
Half-1life in ground water = unknown

Electrochemical data:

.31 nm?/s in Acetone [47]
.11 in Benzene [47]
.49 in cCl* [47]
.13 in Ethylene glycol [47]
.26 in Toluene [47]
.24 in Water [47]
.804x10730 C-m [105],[10]
36 (PI) [105]
92x107% ST units @ 32°C [105]
723 kJ/mol [10]
72 [49]
666 [48]
535 [105]
717 kJ/mol [105]
718 [105]
388 [48]
37 [49]
710 [10]
.1243 kJ/(mol-K) (liq) [105],[10]
.1231 (liq) [105],[49]
.0670 (gas) [105]
.0666 (gas) [105],[10]
.1 kJ/mol @ 25°C (liq) [105]
.20 (1liq) [49]
.5 kJ/mol @ 25°C (1liq)[105],[10],[49]
.1 (gas) [10]
.5 (gas) [105]
.25 (gas) [49]
.2 kJ/mol @ 25°C (liq) [105],[10]
.9 (gas) [10]
.3 (gas) [105]
.31 [104],[21]
.17 [104],[21]
.5 [10]
.45 [10],[49]
.78 @ 0°C [11)
.76 @ 20°-35°C in water [10],[11}
.7560 @ 25°C in water [10],[49]
.52 in methanol [10]
32 in ethanol [10]
4 in dimethyl sulfoxide [10]
.75 in acetone+l0% water {10]
.x1073 kPa-m3/mol @ pH=4

.x1077 @ pH=7 [24]

Kolthoff and Reddy (1961), Mather (1961), Spritzer
and others (1965), Tsuji and Elving (1969), Meites and Zuman (1977).
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Clay-organic interaction data: Acetic acid increases the hydraulic
conductivity of silicate grouted soil (Lord and others, 1983). Carbonyl
stretching frequency of acetic acid in the unadsorbed phase and when
adsorbed in montmorillonite. Basal spacings of montmorillonite complexes
with acetic acid. New interlayer complexes of halloysite with acetic acid.
(Theng, 1974). Also see Larson and Sherman (1964), Brindley and Moll
(1965), and Carr and Chih (1971).

Solubility: Soluble in carbon disulfide. Miscible with water, ethanol,
ether, acetone, and benzene, n-heptane, carbon tetrachloride. Insoluble in
carbon disulfide. [10],[47],[105]

Form: Colorless liquid or solid. Pungent vinegar-like odor. Glacial
acetic acid is the pure form containing 99.8% minimum. Usually water
solutions are known as acetic acid. [22],[56]

Use: In production of acetic anhydride for cellulose acetate, fibers,
plastics, and aspirin; in production of vinyl acetate for polymers,
coatings, and adhesives; in production of acetic esters for solvents in
plastics, coatings, and pharmaceutical industries; in chemical industries
as an esterifying agent, acetylating agent, solvent, and reaction medium;
as an acidifying and neutralizing agent; in food canning industries as a
food additive (preservative) or flavorant for pickles, fish, meat, candy,
and glazes; in textile and dye industries as a solvent, acidifying and
neutralizing agent, intermediate in production of dyestuffs, dye catalysts,
textile finishing, dye after-treatment, and production of nylon and acrylic
fibers. Acetic acid occurs in both plants and animals as normal
metabolite. [22],[32],([56]

Fire and explosion hazard: Moderate.
Flash point: (CC) 43°C [51]
(CC) 40°C [32],[107]
(CC) 42°C [49]
(0C) 44.4°C [107]
(0C) 44°C [49]
(0C) 43.3°C [22]
uel: 16.0% @ 100°C [51],[32]
lel: 5.4% @ 100°C [51],[32]
Autoign. temp.: 465°C [51]
427°C [107],[22]
Combustible, corrosive liquid. Moderate fire and explosion hazard when
exposed to heat, sparks or flame. Dangerous, as toxic gases and vapors
(such as carbon monoxide and carbon dioxide) may be released in a fire.
Can react vigorously with oxidizing materials. Fight fire with COz, dry
chemical, alcohol or polymer foam or water spray. [32],[51],[107],[55]

Incompatibility: Strong oxidizers; strong bases; chromic acid; 5-
azidotetrazole; hydrogen peroxide; sodium peroxide; nitric acid;
acetaldehyde; 2-amino-ethanol; NHNOj3; BrFs; ClF; chlorosulfonic acid;
(O3+diallyl methyl carbinol); ethylenediamine; ethylene imine; Hz03;
(HNOs+acetone); potassium-tert-butoxide; oleum; HC1lO,; permanganates;
P(OCN)3; PCl;; KOH; NaOH; m-xylene. Excellent solvent for many synthetic
resins or rubber. Attacks most common metals, including most stainless
steels. [51],[32]},[107],[56],[55]
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Handling: Avoid heat, sources of ignition and flame. Prevent skin contact
or inhalation (leather, neoprene, latex or nitrile gloves; lab coat and
apron, safety goggles, face shield, body shield). Use appropriate
respirator to avoid inhalation. Use in well-ventilated area (fume hood).
Wash contaminated clothing before reuse. Discard contaminated shoes.
Safety shower and eyebath should be available. Keep container tightly
closed. Store in cool, dry well-ventilated flammable liquid storage area
or cabinet. [32],[56],[107],[53],[55]

Health effects: Acetic acid is corrosive and an irritant. Routes of entry
are inhalation, ingestion, skin absorption, and eye and skin contact.
Points of attack include respiratory system, mucous membranes, skin, eyes,
and teeth. The vapor is a severe irritant to the eyes, mucous membranes,
and the skin. It attacks the skin easily and can cause dermatitis, ulcers,
and severe eye damage which may be followed by loss of sight. Flush
immediately in case of contact with eyes or skin. Inhalation of concen-
trated vapors may cause serious damage to the lining of the nose, throat,
and lungs and result in spasm, inflammation and edema of the larynx and
bronchi, chemical pneumonitis and pulmonary edema. Swallowing concentrated
solutions may cause severe injury or death. [32],[51],[56],[107],[55],[116]

Toxicity: Moderate.
TWA: 10 ppm (25 mg/m®) [1]
STEL: 15 ppm (37 mg/m3) [1]
CL: unknown
IDLH: 1000 ppm (2450 mg/m3) [107],[56]
Peak: 40 ppm (100 mg/m3) for 5 min [107]
Odor threshold: 0.2-24 ppm (0.5-60 mg/m3) [32]
10 ppm (25 mg/md) [107]
Carcinogenicity: none [104]
Mutagenicity: none [104]

Exposure:
External:
Non-lethal: 50 mg/24 hr -- mild skin irritation [51],[55]
10-12 ppm (25-30 mg/m3) -- nasal irritation [32]
>25 ppm (60 mg/m3) -- extreme eye and nasal irritation [32]
80-200 ppm (200-500 mg/m3) for 7-12 years -- acclimatized
workers have experienced blackening and hyperkeratosis
of the skin of the hands, conjunctivitis (but no
corneal damage), bronchitis and pharyngitis, and
erosion of the exposed teeth [32]
Lethal: unknown
Oral:
Non-lethal: 1.47 mg/kg body wt -- gastrointestinal effects [51]
Lethal: 308 mg/kg body wt -- death of an adult male [51]
Inhalation:
Short-term Inhalation Limits: 40 ppm (100 mg/m®) for 5 min [107]
Non-lethal: 50 ppm (125 mg/m®) -- intolerable to most persons [32]
200 ppm (500 mg/m3) for 60 min -- severe toxic effects [32]
816 ppm (2000 mg/m®) for 3 min -- systemic irritation [51]
Lethal: unknown
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C3HgO

Acetone - 75

CAS RN: 67-64-1

Syn: Acetone * 2-Propanone * Chevron acetone * Dimethylformaldehyde *
Dimethylketal * Dimethyl ketone * DMK * Ketone propane * g-Ketopropane *
Methyl ketone * Propanone * Pyroacetic acid * Pyroacetic ether * RCRA Waste

Number U002 * UN 1090 (DOT) *
Molecular formula: CH3z-CO-CHj;

Physical properties:
Relative molecular mass: 5
Specific gravity:

30

23

20

20

.080
.792
.791
.7908
.78998
.7899
Boiling point: 56.
.48°C
.24°C
.2°C
.1°C
.067°C
Melting point: -94.
.3°C
.6°C
.7°C
.°C
.3°C
.35¢°C
Refractive index: 1.
.3588
.35868
Vapor pressure: 5.
.00
11.
13.
24,
26.
.806
36.
53.
Vapor density: 2.
Evaporation rate: 5.
Relative dielectric permittivity: 25.

5°C

0°C

3591

333 kPa

9
33
227
66

00
33
00
59
91 @ -

.65 @
21.
21.
20.
20.

45 @
248 @
9 @
56 @

7@
20.

68 @

.20 @
20.

069 @

-9.4°C
-2°C

(40mm)
(60mm) [47]
(89mm)
7.7°C (100mm)
(181.72mm) [49]

Aliphatic Ketone

(22],[47]
[107],[104], [48]
[10]

[49]

[105],[106]
[47],[108]

[51]

(10]
[105],[104], [22]
[107], [48)

[49]

[108]

[48],[22]
[51],[47]

[107], [49]

[104]

[106]

[10],[105]
[22],[108]
[105],[10],[106]
[49]
[105], [47]

[104]
[105], [47]

22.7°C (200mm) [47]

25°C
30°C

20°C

0°C
20°C
20°C
20°C
25°C
25°C
25°C
30°C
30°C

@
@
@
C
@ 20°C
@
@
@
C

(231.06mm) [49]
(270mm)
39.5°C (400mm)

[104]
[51],[105]
[51],[107],[104]

[49]
[11]
[11]
[11]
(2]
[49]
[49]
[105], [10],[11]
(2]
[49]
[2]
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Loss tangent:
Relaxation time:
Thermal conductivity:

Electrical resistivity:

Critical temperature:

Critical pressure:

Dynamic viscosity:

Kinematic viscosity:

Surface tension:

Contact angle: ([18]

19

18.
17.

unknown
unknown

quartz
calcite
biotite

Ca-mont.
Na-mont.

[eNeNeRl-NoNeoNeoNeNe o N No o]

236.
235.
235.
234,

ol eNeNoNoNoNeNoNoNoNoNo NoNo NN PR R

NN
NN WWR

.38 @ 40°C [11]
965 @ 40°C (2]
7 @ 56°C [105]
.177 W/(m-K) @ -20°C [20]
.169 @ o0°C [20]
.177 @ 0°C [10]
.184 @ 0°C [48]
.1902 @ 16°C [105]
.162 @ 20°C [20]
.180 @ 20°C [48]
.1765 @ 30°C [47]
.155 @ 40°C [20]
.1 MOhm-m @ -15°C [11]
.1667 @ 0°C [11]
.5 @ 18°C [10],[11]
.1667 @ 25°C [10]
5°C [10]
5°C [105]
0°C [47]
95°C [49]
.783 MPa [10]
.76 [105],[47]
.696 [49]
.450 mPa-s @ -10°C [105]
.399 @ 0°C [105],[48]
.362 @ 10°C [48]
.337 @ 15°C [105],[10], [48]
.331 @ 20°C [48]
.316 @ 25°C [105],[48]
.295 @ 30°C [105},[48]
.280 @ 4l1°C [105]
.569 um?/s @ -10°C
.505 @ 0°C
.458 @ 10°C
.427 @ 15°C
.418 @ 20°C
.400 @ 25°C
.373 @ 30°C
.354 @ 41°C
.21 mN/m @ 0°C air, vapor [105]
.70 @ 20°C air, vapor [105]
.32 @ 20°C [49]
.68 @ 25°C [49]
.01 @ 30°C [49]
.16 @ 40°C air, vapor [105]
sessile advancing receding

6 NA NA

14 16 5

0 0 0
swelled swelled swelled
swelled swelled swelled



Thermal expansion coefficient: 0
0

0

0

0

Compressibility: 1
1

1

1

1

Vapor diffusivity: 10
Solution diffusivity: unknown
Electric dipole moment: 9
8

Ionization potential: 9
Magnetic volume susceptibility: -5.
Speed of sound: 1203.
1174.

1158.

1097.

Heat of melting: 5.
5

5.

5.

Heat of vaporization: 31
30.

29.

29.

31.

Heat of sublimation: unknown
Heat capacity @ 25°C: 0
0

0

0

@ 20°C: 0

Heat of combustion: -1791.
-1789.

-1821.

Heat of formation: -247.
-246.

-217.

-216.

Gibbs (free) energy: -155.
-153.

.0135 K1 @ 10°C
.001375
.00143
.001433
.001463

@ 20°C
@ 20°C
@ 30°C
@ 40°C

.229 nPa’l @ 20°C
.269 @ 20°C
.324 @ 25°C
334 @ 30°C
464 @ 40°C
.9 um?/s @ 0°C

.61x1073% C-m
.97x10730
.69 eV (PI)

78x1076 ST units @ 20°C
m/s @ 20°C

@ 25°C

@ 30.5°C

@ 41°C
719 kJ/mol

.691

69
5913

.993 kJ/mol

396
11
09
3@ 25°C

.1264 kJ/(mol-K) (liq)
.1249 (1iq)
.0753
.0749
.1255 (liq)

(gas)
(gas)

kJ/mol @ 25°C (liq)
79 (liq)
38 (gas)
8 kJ/mol @ 25°C (liq)
81 (liq)
15 (gas)
7 (gas)
8 kJ/mol @ 25°C (liq)
1 (gas)

Acetone - 77

[48]
[48]
[49], [48]
[48]
[48]
[105]
[49]
[49]
[105]
[105]
[47]

[10],[105]
[49]
[105]
[105]
[20]
[105]
[20]
[20]
[10]
[105]
[49]
[48]
[105]
[48]
[10]
[49]
[49]

[10],[105]
[49]
[105]
[10]
(48]
[105]
[49]
[49]
[10]
[49]
[49]
(10]
[10]
(10]
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Analytical chemistry: pPoct = -0.24 [104],[21]
PKs = 32.5 [49]

PKa = 24.2 [49]

PKer = -2.85 in aqueous H3S50, [49]

Henry's law constant = 0.00372 kPa-m3/mol [24]
0.00402 @ 25°C [41]

Hydrolysis half-life = NA [112]
Half-life in soil = 24.-168 hr [112]

Half-1life in ground water = 48.-336 hr [112]

Electrochemical data: Baizer (1983), Feoktistov (1983), Heyrovsky (1962),
Meites and Zuman (1977), Meites and others (1982).

Clay-organic interaction data: Acetone increases the hydraulic
conductivity of silicated grouted and clay soils (Anderson and Brown, 1981;
Brown and Thomas, 1984; Brown and others, 1983, 1986; Lord and others,
1983). Isotherm and X-ray diffraction data for the adsorption of acetone
by montmorillonite saturated with different cations. Complex swelling
behavior of Ca-montmorillonite in water-acetone mixtures (see also [18]).
Basal spacings of montmorillonite samples containing Na*, K*, Ca?* and
increasing proportions of Li* after heat treatment to 493 K for 24 hours
and solvation by acetone. Carbonyl stretching frequency of acetone in the
unadsorbed phase and when adsorbed in montmorillonite. C=0 stretching
frequencies of acetone adsorbed by trimethylammonium and
tetramethylammonium montmorillonite. Interlayer complexes of halloysite
with acetone. Interaction energies for cation-acetone dipole systems.
Complexes formed with rehydrated halloysite obtained by washing the
potassium acetate complex with water. Infra-red spectra of Ca- and Mg-
montmorillonite and their complexes with acetone under various conditions.
Infra-red band frequencies, basal spacings and retention data for complexes
between montmorillonite containing different interlayer cations and acetone
(Theng, 1974). Also see Acar and others (1984, 1985), Anderson and Brown
(1981), Barshad (1952), Bissada and others (1967), Brindley and others
(1969), Brown and Thomas (1984), Brown and others (1983, 1984, 1986), Carr
and Chih (1971), Griffin and others (1984), Glaeser (1948), Lord and others
(1983), Mortland (1970), and Ruiz-Amil (1957).

Solubility: Miscible with water, ethanol, ether, benzene, chloroform,
dimethylformaldehyde, most oils. [105],([51},[22],[108]

Form: Colorless liquid. Fragrant, characteristic mint-like odor.
Pungent, sweetish taste. Technical and reagent grades are 99.5% pure with
0.5% water. [107]

Use: Solvent for fats, oils, waxes, resins, nitrocellulose, cellulose,
acetylene, paint, varnish, lacquer and many other substances; organic
chemical manufacturing; dyestuffs; sealants and adhesives; storing
acetylene gas; cleaning and drying of precision equipment; purifying
paraffin; hardening and dehydrating tissues; specification testing of
vulcanized rubber products; smokeless powder manufacture; nail polish
remover. Acetone is a normal microcomponent in blood and urine. Acetone
is also present in cigarette smoke (1100 ppm) and gasoline exhaust (2.3 -
14 ppm) and commonly occurs in sanitary landfill leachate. [104],[56],[5]
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Fire and explosion hazard: Very high.
Flash point: (CC) -18°C [51],[107],[108]
(CC) -17°C [49]
(0C) -9°C [49]
(0C) -15.6°C [107]
uel: 12.8% [51],[107],[22]
13.0% [10]
lel: 2.6% [51],[107],[22]
2.5% [10]
Autoign. temp.: 465°C [51],[107]
Volatile and extremely flammable liquid. Dangerous fire hazard when
exposed to heat, sparks, flame or oxidizers. Moderate explosion hazard
when vapor exposed to flame. Flashback along vapor trail may occur. Fight
fire with CO2, dry chemical powder, alcohol or polymer foam. Water should
not be used as it will scatter and spread fire. [51],[107]

Incompatibility: (CHCl; + a base); CrO; CrOz; Cr(OClz); (nitric + acetic
acid); NOCl; nitrosyl perchlorate; nitryl perchlorate; permonosulfuric
acid; potassium tertbutoxide; NaOBr; (sulfuric acid + potassium
dichromate); (thiodiglycol + hydrogen peroxide); H20sS; trichloromelamine;
reacts violently with bromoform, chloroform + alkalies, bromine, and SCljy;
HNO3; ignites on contact with activated carbon; HzSO,; BF3; chromyl
chloride; Hz03; F20z; thiotrithiaxyl perchlorate; strong oxidizing agents;
acids. [51],[56],[116]

Handling: Keep away from heat, sparks and flame. Avoid prolonged skin
contact or inhalation (rubber, latex or neoprene gloves; lab coat, chemical
safety goggles, face shield). Use in well-ventilated area (fume hood,
appropriate respirator). Safety shower and eye bath should be available.
Keep container tightly closed. Store in cool, dry, well-ventilated,
flammable liquid storage area. [53],[51]

Health effects: Acetone can be an irritant. Routes of entry are
inhalation, ingestion, and skin or eye contact. Points of attack include
the respiratory system and skin. Prolonged or repeated topical use of
acetone may cause erythema, dryness. Inhalation may produce headache,
fatigue, excitement, bronchial and/or upper respiratory tract irritation,
and, in large amounts, narcosis. It can cause severe eye irritation.
Serious poisonings are rare. A food additive permitted for human
consumption. A common air contaminant. [51],[60],[116]

Toxicity: Low
TWA: 750 ppm (1780 mg/m3) [1]
STEL: 1000 ppm (2375 mg/m3) [1]
CL: wunknown
IDLH: 20000 ppm (47,500 mg/m®) [107],[56]
Peak: unknown
Odor threshold: 100 ppm (235 mg/m3) [107]
0.5-500 ppm (1-1000 mg/m3) [104]
Carcinogenicity: none [104]
Mutagenicity: none [104]
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Exposure:
External:
Non-lethal: 500 ppm (1185 mg/m®) -- eye irritation [51],[55]
Lethal: wunknown
Oral:
Non-lethal: wunknown
Lethal: 50 mL (estimated) [104]
1159 mg/kg body wt -- death of an adult human [55]
Inhalation:
Short-term Inhalation Limits: 1000 ppm (2375 mg/m®) for 30 min [107]
Non-lethal: 400 ppm for 60 min -- unsatisfactory conditions begin [104]
800 ppm for 60 min -- symptoms of illness appear [104]
4000 ppm for 60 min -- severe toxic effects [51]
12000 ppm (28,500 mg/m3®) -- CNS effects [51]
25-920 ppm repeatedly -- chronic conjunctivitis, pharyngitis,
bronchitis, gastritis, gastro-duodenitis [104]
0.2 ppm (0.440 mg/m®) for 6 min [51]
4.2 ppm (10 mg/m®) for 6 hr [51]
Lethal: unknown
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Acrolein C3H,0 CAS RN: 107-02-8

Syn: Acrolein * 2-Propenal * Acquinite * Acraldehyde * trans-Acrolein *
Acrolein, inhibited * Acrylaldehyde * Acrylic aldehyde * Allyl aldehyde *
Aqualin * Aqualine * Biocide * Crolean * Ethylene aldehyde * Magnacide *
Magnacide H * NSC 8819 * Propenal * Prop-2-en-1l-al ¥ 2-Propen-l-one *
Propylene aldehyde * RCRA Waste Number PO03 * Slimicide * UN 1092 (DOT) *

Molecular formula: CH=CH-CHO Unsaturated Aldehyde

Physical properties:

Relative molecular mass: 56.0642
Specific gravity: 0.843 {107]
0.8427 [119]
0.841 [10],[105],[51],[47]),[106]
0.84 [32]
0.8389 [49],[10]
Boiling point: 53.°C [56],[107]
52.7°C [10},[22]
52.69°C [49]
52.5°C [104],[51], [47]
52.5°-53.5°C [105]
52.°-53°C (106]
51.7°C [32]
Melting point: -86.9°C [106]
-86.95°C (49],[105]
-87.0°C {10},[107],[22]},[32]
-87.7°C [1041},[51].[47]
Refractive index: 1.4017 [49],[10],[105]),[106]
Vapor pressure: 5.333 kPa @ -15°C (40mm) [105],[47]
8.00 @ -7.5°C (60mm) [47]
13.332 @ 2.5°C (100mm) [105],[47]
26.67 @ 17.5°C (200mm) [47]
28.53 @ 20°C (214mm) [32]
29.33 @ 20°C (220mm) [104]
35.33 @ 25°C (265mm) [49],[23]
44,00 @ 30°C (330mm) [104]
53.329 @ 34.5°C (400mm) [105],{[47]
Vapor density: 1.94 {1041,[107],{51]
1.94 @ bp [32]
Evaporation rate: unknown
Relative dielectric permittivity:unknown
Loss tangent: unknown
Relaxation time: unknown
Thermal conductivity: unknown
Electrical resistivity: 0.0645 MOhm-m [49]
Critical temperature: 254 .°C [107]
Critical pressure: 5.08 MPa [107]
Dynamic viscosity: unknown
Kinematic viscosity: unknown
Surface tension: 24.0 mN/m @ 20°C [107]
Contact angle: unknown
Thermal expansion coefficient: NA

Compressibility: unknown
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Vapor diffusivity: unknown
Solution diffusivity: unknown
Electric dipole moment: 10.41x10730 C-m [105]
9.67x1073% ¢-m @ 20°C [49],[10]
Ionization potential: 10.10 eV (PI) [105]
Magnetic volume susceptibility: wunknown
Speed of sound: unknown
Heat of melting: unknown
Heat of vaporization: 31.940 kJ/mol [105]
28.33 [49]
28.16 [107]
Heat of sublimation: unknown
Heat capacity @ 17°-44°C: 0.11987 kJ/(mol-K) (liq) [49]
Heat of combustion: -1634.7 kJ/mol @ 25°C (liq) [49]
-1631.2 @ 20°C (1liq) [105]
Heat of formation: -117.1 kJ/mol @ 25°C (liq) {10]
-85.83 (gas) [10]
Gibbs (free) energy: -67.70 kJ/mol @ 25°C (1liq) [10]
-64.69 (gas) [10]
Analytical chemistry: pPoct = 0.01 [31]
-0.09 [8]
-0.10 [23]
PKs = NA
PKa = NA [31]
PKer = NA
Henry'’s law constant = 0.000446 kPa-m®/mol @ 25°C [41]
Hydrolysis half-life = NA [8]
Half-1ife in soil = 168.-672 hr 1112)]
Half-life in ground water = 336.-1344 hr [112]

Electrochemical data: Meites and others (1977a), Meites and others
(1977b), Meites and others (1982).

Clay-organic interaction data: Theng (1974) reports polymer formation upon

adsorption.

Solubility: Soluble in water, ethanol, ether, acetone, benzene. [10],[105]
20.8 wt$ in water @ 20°C [104], {49]
22. wt% in water @ 20°C 132]
40. wts in water [10],([47]

Form: Colorless or light yellow liquid. Piercing, disagreeable, choking,

Technical grades contain 0.1%
Industrial grades

extremely irritating, pungent odor.
hydrochinon (or hydroquinone) to inhibit polymerization.
may be only 92% pure. [104],[22],[107],[22].

Use: Primary use is as an intermediate in the production of glycerine and
methionine analogs (poultry feed protein supplements). Chemical synthesis
1,2,6-hexanetriol, glutaraldehydes, acrylates, polyurethane foams,
polyester resins, methionine; liquid fuel; antimicrobial agent; herbicide
in algae and aquatic weed control; slimicide in paper manufacture; tear
gas; denaturant in alcohol; tissue fixative. Present in cigarette smoke
(150 ppm) and automobile exhaust (0.2-5.3 ppm). [56],[104],[22],[32][119]
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Fire and explosion hazard: High.
Flash point: (CC) -25°C [107]
(CC) -26°C [32]
(0C) <-17.78°C [51},[107],[49],[22]
uel: 31% [511,[107]1,[22],([32]
lel: 2.8% [51],[107],[22],[32]
Autoign. temp.: 235°C [51],[107],[32]
278°C [22]
Extremely flammable liquid. Dangerous fire hazard when exposed to heat,
flame or oxidizers. Dangerous explosion hazard when exposed to
incompatible substances. Emits highly toxic fumes when heated to
decomposition. Can react vigorously with oxidizing materials. Flashback
along vapor trail may occur. Polymerizes near 200°C. Fight fire with COz,
dry chemical powder, alcohol or polymer foam. Water may be ineffective on
fire. Cool exposed containers with water. [51],[107],[32],[55]

Incompatibility: Acids; oxidizers; reducing agents; oxygen; alkalis;
amines; S0;; thiourea; metal salts; oxidants; ammonia; (light + heat).
Undergoes uncatalyzed polymerization reaction around 200°C. Light promotes
polymerization. [51},[107],[56],[55]

Handling: Avoid heat, flame, and sources of ignition. Do not inhale mist
or vapor (appropriate respirator or self-contained breathing apparatus
required). Wear protective clothing to prevent any skin contact (CPE or
Chloropel® suit and gloves; splash-proof chemical goggles). Readily
absorbed through skin. Facilities for eye wash and quick body drenching
should be available. Keep container tightly closed. Store in cool, dry,
well-ventilated flammable liquid storage area or cabinet. Store in secure
poison area. [53],[56],[32],[55]

Health effects: Acrolein is an intense irritant. Routes of entry are
inhalation, ingestion, and eye and skin contact. Points of attack include
the heart, lungs, eyes, skin, and respiratory system. It is extremely
destructive to tissue of the mucous membranes and upper respiratory tract,
eyes and skin. Inhalation may be fatal as a result of spasm, inflammation
and edema of the larynx and bronchi, chemical pneumonitis and pulmonary
edema. It may cause first degree burns after short exposure and second
degree burns after longer exposure. Symptoms of overexposure may include
burning sensation, coughing, wheezing, laryngitis, shortness of breath,
headache, nausea and vomiting. It may cause an allergic skin reaction.
[51],[107],(56],[32],[55],[116]

Toxicity: High.

TWA: 0.1 ppm (0.25 mg/m®) [1]

STEL: 0.3 ppm (0.8 mg/m3) [1]

CL: unknown

IDLH: 5.0 ppm (11.5 mg/m®) [56],[107]

Peak: unknown

Odor threshold: 0.2-2.0 ppm (0.5-4.0 mg/m3) [104]
0.21 ppm (0.5 mg/m3) [107]
0.2-15 ppm (0.5-34.5 mg/m3) [32]

Carcinogenicity: possible [51]; inadequate evidence [55]
very weak or noncarcinogenic [29]

Mutagenicity: unknown
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Exposure:
External:
Non-lethal: 0.5 ppm (1.15 mg/m®) for 12 min -- eye irritation [51]
0.8-1.2 ppm (1.8-2.75 mg/m3) for 5-10 min -- just tolerable
to extremely irritating [104]
1.8 ppm (4mg/m3®) for 4 min -- tolerable [104]
4 ppm for 5 min -- severely irritating to eyes [104]
Lethal: 250 mg/kg body wt -- injected intradermally [51]
Oral:
Non-lethal: unknown
Lethal: <50 mg/kg body wt [107]
Inhalation:
Short-term Inhalation Limits: 0.5 ppm (1.15 mg/m®) for 5 min [107]
0.2 ppm (0.5 mg/m®) for 60 min [107]
Non-lethal: 1 ppm (2.3 mg/m3®) -- irritation [51]
0.3 ppm for 2 hr -- severe pulmonary effects in child [51]
Lethal: 150 ppm (345 mg/m3) for 10 min [104],[51],[55]
5.5 ppm [55]



Acrylonitrile

Syn:

C3H3N

Acrylonitrile - 85

CAS RN: 107-13-1

Acrylonitrile * 2-Propenenitrile * Acritet * Acrylon * Acrylonitrile,

inhibited * Acrylonitrile monomer * AN * Carbacryl * Cyanoethylene * ENT 54
* Fumigrain * Fumugrain * Miller’s Fumigrain * Nitrile propenoic acid *
Propenenitrile * RCRA Waste Number U009 * TL 314 * UN 1093 (DOT) * VCN *

Ventox * Vinyl cyanide *
Molecular formula: CH;=CHCN

Physical properties:

Relative molecular mass: 53.
Specific gravity: 0.

0.
Boiling point: 77.

77

77.
77.

Melting point: -82

-83.

-83.

-83.

-83.

-83.

-83.

Refractive index: 1.
1.

Vapor pressure: 5.
11.

13.

13.

14.

18

Vapor density: 1.
1.

Evaporation rate: unknown

Relative dielectric permittivity: 33
Loss tangent: unknown
Relaxation time: unknown
Thermal conductivity: unknown
Electrical resistivity: unknown
Critical temperature: 263.
246.

Critical pressure: 4.
3.

Dynamic viscosity: 0.
Kinematic viscosity: 0
Surface tension: 29.
([10] values are calculated) 28.
27.

27.

27.

26.

24,

Unsaturated Nitrile

0635

8075 [107]
8060 [49],[105],[10],[51],[106]
50-77.9°C [105]
.4°C [10],[104],[107]
3°C [49],[51]
30-77.4°C [22]
.0°C [51]
0°C [517],[104]
5°C [105],[106]
55°C (fp) [49]
6°C (fp) [107]
7°C [10]
o -84°C [22]
3911 [10],[105],[106]
3888 @ 25°C [49]
333 kPa @ 3.8°C (40mm) [105]
0 @ 20°C (83mm) [49]
332 @ 22.8°C (100mm) [105],[51]
332 @ 23°C  (100mm) [104]
37 @ 25°C  (108mm) [23]
.265 @ 30°C  (137mm) [104]
83 [1041,[51]
8 [107]
.0 @ 20°C [49],[10]
°C [107]
°C [49]
6 MPa [107]
54 [49]
35 mPa-s @ 20°C (10}
.43 um?/s @ 20°C

58 mN/m @ 0°C [10]
40 @ 10°C [10]
53 @ 17.8°C [49]
22 @ 20°C [10]
3 @ 24°C [49]
05 @ 30°C [10]
87 @ 40°C [10]
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Contact angle: unknown
Thermal expansion coefficient: 0.00146 K1 @ 55°C [49]
Compressibility: unknown
Vapor diffusivity: unknown
Solution diffusivity: unknown
Electric dipole moment: 12.9x1073° C-m in benzene [49],[10],[105]
Ionization potential: 10.91 eV (PI) [105]
Magnetic volume susceptibility:unknown
Speed of sound: unknown
Heat of melting: 6.230 kJ/mol [49]
6.229 [10]
Heat of vaporization: 33.249 kJ/mol [105]
32.68 [107]
32.66 [10]
32.55 [49]
Heat of sublimation: unknown
Heat capacity @ 25°C: 0.1110 kJ/(mol-K) (liq) [105]
0.10880 (1liq) [49]
0.0638 (gas) [10]
0.0624 (gas) [105]
Heat of combustion: -1756.40 kJ/mol @ 25°C (1liq) [49]
Heat of formation: 151.1 kJ/mol @ 25°C (liq) [10]
147.11 (1liq) [49]
185.1 (gas) [10]
179.70 (gas) [49]
Gibbs (free) energy: 195.44 kJ/mol @ 25°C (gas) [10]
Analytical chemistry: pPoct = 0.92 [104]
0.25 [23],[31]
0.14 [8]
-0.92 [21]
PKs = NA
pKa = NA [31]
PKen = NA
Henry's law constant = 0.0111 kPa-m3/mol @ 25°C [41]
Hydrolysis half-life = NA [8]
Half-1life in soil = 30.-552 hr [112]
Half-life in ground water = 60.-1104 hr [112]

Electrochemical data: Meites and Zuman (1977), Meites and others (1977a),
Meites and others (1977b), Horner (1983), Meites and others (1983).

Clay-organic interaction data: Blumstein and others (1974), Greenland
(1972), Mortensen (1959, 1962), Yamanaka and others (1971), Zhang and
others (1990).

Solubility: Soluble in water, acetone, benzene, and all common organic
solvents. Very soluble in hot water. Miscible with ethanol, ether.
[10],[105]
7.35 wtg in water @ 20°C [49]
7.5 volg in water @ 25°C [23]
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Form: Colorless to light yellow liquid. Mild pungent odor resembling that
of peach seed kernels, onion, or garlic. 35-45 ppm methylhydroquinone is
added as an inhibitor to polymerization. Technical grades are 98-100%
pure. [107]

Use: Major use is in production of acrylic and modacrylic fibers by
copolymerization with methylacrylate, methylmethacrylate, vinyl acetate,
vinyl chloride, or vinylidenechloride. Manufacture of synthetic fibers,
acrylostryrene plastics, acrylonitrile-butadiene-styrene (ABS) plastics,
styrene-acrylonitrile (SAN) resins, nitrile rubbers, chemicals, adhesives;
pesticide; cyanoethylation of cotton; synthetic soil blocks (acrylonitrile
polymerization in wood pulp); monomer for a semiconductive polymer that can
be used like inorganic oxide catalysts in dehydrogenation of tert-butyl
alcohol to isobutylene and water; bottles for soft drinks. Carbacryl
contains equal portions of acrylonitrile and CCl,. Ventox = acritet = 34%
acrylonitrile and 60% CCl,. About 1.5 billion pounds produced annually in
the U.S. [56],[104],[5],[22],[119]

Fire and explosion hazard: High.
Flash point: (CC) -1.11°C [107],[51]
(0C) -0.55°C [107]
(0C) 0°C [49]
uel: 17% [51],[107]
lel: 3.1% [51]
3.05% [107]
Autoign. temp.: 481°C [51],[107]
Extremely flammable and explosive liquid and poison. Dangerous fire hazard
when exposed to heat, flame, or oxidizers. Moderate explosion hazard when
exposed to flame. May polymerize and explode. Emits toxic hydrogen
cyanide gas and nitrogen oxides when heated to decomposition. Can react
vigorously with oxidizing materials. Flashback along vapor trail may
occur. Fight fire with COz, dry chemical powder, alcohol or polymer foam.
Water or foam may cause frothing. Cool exposed containers with water.
[51},[107],[56]

Incompatibility: Light ; heat; strong oxidizers (especially bromine);
strong acids; strong alkalis; amines; AgNOs; ammonia; benzyltrimethyl
ammonium hydroxide; Bry; 1,2,3,4-tetrahydrocarbazole. High concentrations
attack aluminum. Attacks copper and copper alloys. [51],[107],[56]

Handling: Avoid heat, flame, sources of ignition, air, and visible light.
Prevent inhalation of mist or vapor (appropriate respirator or self-
contained breathing apparatus required). Wear protective clothing to
prevent any skin or eye contact (neoprene, butyl, CPE, or nitrile suit and
gloves; splash-proof chemical goggles). Do not use leather as protective
clothing. Penetrates leather so contaminated boots and gloves should be
destroyed. Readily absorbed through skin. Facilities for eye wash and
quick body drenching should be available. Keep container tightly closed.
Store in cool, dry, well-ventilated flammable liquid storage area or
cabinet. Store in secure poison area away from light. [107],[53],[55]
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Health effects: Acrylonitrile closely resemble hydrogen cyanide in its
toxic action. Routes of entry are absorption through skin, ingestion,
inhalation, and eye and skin contact. Points of attack include the
cardiovascular system, liver, kidneys, central nervous system, and skin.

It is extremely destructive to tissue of the mucous membranes and upper
respiratory tract, eyes and skin. Exposure to low concentrations may
result in flushing of the face and salivation. Further exposure results in
eye and nose irritation, photophobia, and deepened respiration. If
exposure continues then shallow respiration, nausea, vomiting, weakness, an
oppressive feeling of the chest, headache, and diarrhea may result.
Inhalation may be fatal as a result of spasm, inflammation and edema of the
larynx and bronchi, chemical pneumonitis and pulmonary edema. It is a
suspected human carcinogen. [1],[56],[55],[116]},[119]

Toxicity: High.
TWA: 2 ppm (4.5 mg/m3) (skin) [1]
STEL: no value set [1]
CL: 4 ppm (9 mg/m®) [51]
IDLH: 4 ppm (9 mg/m3) [107],[56]
Peak: unknown
Odor threshold: 21.4 ppm -- sense of smell fatigues rapidly [107]
1.7-23 ppm (3.72-51.0 mg/m3) -- recognition [104]
Carcinogenicity: suspected human carcinogen [1],[51]
limited evidence [55]
confirmed human carcinogen with experimental data [116]
Mutagenicity: equivocal tumorigenic agent by RTECS criteria [55]

Exposure:

External:
Non-lethal: 500 mg -- non-standard skin exposure [55]
Lethal: 2015 mg/kg -- on skin of child [55]

Oral:
Non-lethal: unknown
Lethal: unknown

Inhalation:
Short-term Inhalation Limits: 40 ppm (87 mg/m3) for 30 min [107]
Non-lethal: 50 ppm (109 mg/m®) for 30 min -- blood effects [51]

16 ppm for 20 min -- systemic irritant, CNS effects [51]

Lethal: 46 ppm (1 g/m%) per hour -- adult male [55]
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Aldrin C1:HsClg CAS RN: 309-00-2

Syn: Aldrin * 1,4:5,8-dimethanonaphthalene, 1,2,.3.4,10,10-hexachloro-

1.4.4a,5,8, 8a-hexahydro-, (la.4a.4afB.5a,8a,8a8)- * Aldocit * Aldrec *
Aldrex % Aldrex 30 % Aldrite * Aldrosol * Compound 118 * Drinox * ENT

15,949 * 1,4:5,8-Dimethanonaphthalene, 1,2,3,4,10,10-hexachloro-
1,4,4a,5,8,8a-hexahydro-,endo,exo- * Hexachlorohexahydro-endo,exo-
dimethanonaphthalene * 1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-hexahydro-
1,4:5,8-dimethanonaphthalene * 1,2,3,4,10,10-Hexachloro-1,4,4a,5,8,8a-
hexahydro-exo-1,4-endo-5,8-dimethanonaphthalene * 1,2,3,4,10,10-Hexachloro-
1,4,4a,5,8,8a-hexahydro-1,4-endo-exo0-5,8-dimethanonaphthalene * HHDN *
Kortofin * NA 2761 (por)y * NA 2762 (por) * NCI-CO0044 * Octalene * RCRA Waste
Number POO4 * SD 2794 * Seedrin * Seedrin liquid * Tatuzinno * Tipula *

Molecular formula: CjizHsClg Polychlorinated Cyclic Aromatic Hydrocarbon

Structural formula: Ccl

|
c c
| N 1 c—c1

| HCH | ciccl |
C\CI: /C\(l; _C cl
b
Physical properties:
Relative molecular mass: 364.914
Specific gravity: 1.6 (107]
1.7 [41]
Boiling point: 145.°C at 0.267 kPa [41]
Melting point: 104 .°-105.5°C [104],[22]
104.°-105°C [51]
104.°C [111],[105],{107],[56],(106]
49.°-60°C (technical grades) [56],[104]
Refractive index: unknown
Vapor pressure: 3.07x107% kPa @ 20°C (2.3x1073mm) [104]
5.00x1076 @ 20°C (3.75x107%mm) [111]
8.0x10°7 @ 20°C (6x107°mm) [41]
9.9x1076 @ 20°C (7.5x%10"5mm) [41]
Vapor density: NA
Evaporation rate: NA
Relative dielectric permittivity:unknown
Loss tangent: unknown
Relaxation time: unknown
Thermal conductivity: unknown
Electrical resistivity: unknown
Critical temperature: unknown
Critical pressure: unknown
Dynamic viscosity: NA
Kinematic viscosity: NA
Surface tension: NA
Contact angle: NA

Thermal expansion coefficient:unknown
Compressibility: NA
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Vapor diffusivity: unknown
Solution diffusivity: unknown
Electric dipole moment: unknown
Ionization potential: unknown
Magnetic volume susceptibility:unknown

Speed of sound: unknown
Heat of melting: unknown
Heat of vaporization: unknown
Heat of sublimation: unknown
Heat capacity @ 25°C: unknown
Heat of combustion: unknown
Heat of formation: unknown
Gibbs (free) energy: unknown

Analytical chemistry: pPect = 6.5 [111)]

5.66 [27]

5.52 [41]

5.30 [31]

5.11 [117]

3.01 [21]
pKs = NA

pKa = NA [31]
pKer = NA

Henry's law constant = 0.0503 kPa-m?/mol [41],1111]

0.00014 [41]

Hydrolysis half-life = >1.3x108 sec (8]

Half-life in soil = 504.-14200 hr [112]

Half-1life in ground water = 24.-28400 hr [112]

Electrochemical data: Unknown.
Clay-organic interaction data: Kenega and Goring (1980).

Solubility: Almost insoluble in water. Soluble in ethanol, ether,
acetone, benzene, aromatics, esters, ketones, paraffins, halogenated
solvents, most organic solvents. [51],[116]
0.000001 wt% in water [104]
0.00000002 wtg in water @ 20°C [111]

Form: Colorless, crystalline solid. Technical grade is a tan to dark
brown solid or solution. Mild, chemical odor. Commercial grades range in
purity from 20-95% with 5-80% inert ingredients. Readily oxidizes to
Dieldrin. [51],[107],[56]

Use: Pesticide; insecticide; fumigant. It was formerly used against
termites, ants, wireworms, and whitegrubs. Use was restricted by the U.S.
government in 1974. It is no longer produced or used in the United States.
[56],[104],[111]

Fire and explosion hazard: Very low.
Flash point: NA
uel: NA
lel: NA
Autoign. temp.: NA
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Nonflammable solid. Emits toxic fumes of Cl~ and hydrochloric acid when
heated to decomposition. Fight fires involving Aldrin solution in
hydrocarbon solvents with water spray, dry chemical powder, alcohol or
polymer foam, CO;. [51}],[107]

Incompatibility: No reaction with most common materials. [107],[56]

Handling: Wear protective clothing to prevent any possibility of skin or
eye contact (synthetic rubber gloves and suit, splash-proof chemical
goggles). Appropriate respirator or self-contained breathing apparatus
required. Facilities for eye wash and quick body drenching should be
available. Keep container tightly closed. Store in secure poison area.
[107],[56]

Health effects: Aldrin is a poison. Routes of entry are inhalation, skin
absorption, ingestion, and eye and skin contact. Points of attack include
the central nervous system, liver, kidneys, and skin. It is irritating to
the skin, eyes and respiratory system. Symptoms of exposure are
irritability, headache, dizziness, hyperexcitability, eptileptiform
convulsions, tremors, nausea and depression in from 1 to 5 hrs. Continued
exposure can cause reversible kidney and liver damage. [51],[107}],[56]

Toxicity: High.
TWA: 0.017 ppm (0.25 mg/m3®) (skin) [1]
STEL: no value set [1]
CL: unknown
IDILH: 6.7 ppm (100 mg/m3) [107],[56]
Peak: unknown
Odor threshold: 0.017 mg/kg in water [104]
Carcinogenicity: experimentally positive in some animals. [51]
Mutagenicity: experimentally positive in some animals. [51]

Exposure:

External:
Non-lethal: unknown
Lethal: wunknown

Oral:
Non-lethal: 14 mg/kg body wt -- CNS effects [51]

l g -- symptoms [107]
Lethal: 1.25 mg/kg body wt -- death of a child [51]
25 mg in children [107]

Inhalation:
Short-term Inhalation Limits: 0.07 ppm (1 mg/m3) for 30 min [107]
Non-lethal: wunknown
Lethal: unknown
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Ammonia

H3N

CAS RN: 7664-41-7

Syn: Ammonia * Am-fol * Ammonia gas * Anhydrous ammonia * Liquid ammonia *
Nitro-Sil * R 717 * Spirit of Hartshorn * UN 1005 (DOT) * UN 2073 (DOT) *

UN 2672 (DOT) +*
Molecular formula: HiN

Physical properties:

Relative molecular mass: 17
Specific gravity: 0
0

0

0

0

0

0

0

0

0

Boiling point: -33
-33

-33

-35

Melting point: -77
-77

-77

Refractive index: 1.

Vapor pressure:

Evaporation rate:
Relative dielectric permittivity:

Loss tangent: unknown

.3

.5
Vapor density: 0.

WWOWOoOWOOOOH~cO

Inorganic Nitrogen Compound

.0305
.7714 kg/m® @ 0°C (gas) [48]
.771 g/L @ 0°C (gas) [51],[105]
.7708 g/L @ 0°C (gas) [10]
.7188 g/L @ 20°C (gas) [10]
.77 @ 0°C (liq) [22]
.6819 @ -33.5°C (liq) [22]
.682 @ -33.4°C (liq) [107]
.6818 @ -33.35°C (liq) [10]
.67 @ -33.4°C [32]
.817 g/L @ -79°C [51],[104]
.35°C [51],{10],[105]1,[48],[7]
.4°C [471,[107],[104],(32]
.42°C [10]
.5°C [22]
.70°C [47},[51],[10],[105],[107],[104]
.75°C [10]
.9°C [48]
0003501 (gas) [10]
.325 @ 16°C (liq) [10]
.325 @ 16.5°C (liq) [105]
.817 @ -79°C (liq) [105]
.83 kPa @ -10°C (2181. 4mm) [10]
.41 @ o0°c (3220.9mm) [10]
@ 4.7°C (3572mm) [105]
.89 @ 10°C (4612.1mm) [10]
.06 @ 20°C (6428, 5mm) [10]
.28 @ 20°C (6460mm) [22]
.53 @ 20°C (6612mm) [104]
.25 @ 25.7°C (7600mm) [51],[105]
@ 30°C (8749 . 1mm) [10]
6 [51],[107],[104]
.5962 [10]
@ -77.7°C (1liq) [20]
@ -33.4°C (1liq) [20],[10]
@ -33°C (liq) (10],[11]
@ -24°C (liq) [11]
072 @ 0°C (gas) <3 MHz [10],[105]
07 @ 0°C (gas) [11]
@ 5°C [20]
@ 15°C [20]
@ 25°C [20]
@ 35°C [20]



Relaxation time: unknown

Thermal conductivity:

OCOOOCONNM

Electrical resistivity:
Critical temperature:

Critical pressure:

Kinematic viscosity: 0.

Surface tension: 37.
35.
23.
18.
Contact angle: NA
Thermal expansion coefficient: NA
Compressibility: unknown
Vapor diffusivity: unknown
Solution diffusivity: 2.

Electric dipole moment: 4.
10.
-56.

Ionization potential:
Magnetic volume susceptibility:

Speed of sound: 415,
Heat of melting: 5.
Heat of vaporization: 23.
Heat of sublimation: unknown
Heat capacity @ 25°C: 0.
Heat of combustion: -316.
Heat of formation: -46.
-46.

Gibbs (free) energy: -16.
Analytical chemistry: pPoct = -2.
PKs = 33.

PKa = NA

PKer = 4.

pKer = 4.

Henry’s law constant = 0
Hydrolysis half-life - NA
Half-life in soil = NA
Half-life in ground water = NA

Electrochemical data:

132.
132.
132.
132.
11.
11.
11.
11.
11.
11.
Dynamic viscosity: 0.

Ammonia - 93

.60 W/(m-K) @ -57.6°C (liq) [10]
.150 @ 0°¢ (liq) [10]
.97 @ 100°C (liq) [10]
.02024 @ -17.8°C (gas) [10]
.02232 @ 4.4°C (gas) {10]
.02336 @ 15.6°C (gas) [10]
.02457 @ 26.7°C (gas) {10]
.0769 MOhm-m @ -79°C [10]
9°C [10]
5°C [105]
44°C [71]
49C [10], [48]
44 MPa (48]
40 [105]
38 [10]
30 (7]
28 [10]
27 [107]
254 mPa-s @ -33.5°C [10]
372 pm?/s @ -33.5°C

91 mN/m @ -50°C (liq) [10]
38 @ -40°C (liq) [10]
4 @ 11.1°C [20],[105]
1 @ 34.1°C [20], [105]
0 nm?/s in water [47]
90x1073% C-m (gas) [10],[105]
2 eV (S,PI,PE) [105]
5%107¢ SI units @°C [105]
0 m/s @ 0°C [105]
656 kJ/mol [10]
36 kJ/mol (gas) [10],[107]
0351 kJ/(mol-K) (gas) [10], [105]
6 kJ/mol @ 25°C (gas) [107]

14 kJ/mol @ 25°C (gas) [10],[20],[105]

22 (gas) (7]
50 kJ/mol @ 25°C (gas) [10]1,[105]
0 (calc) [117]
0 @ -50°C [10]
67 @ 18°C [11]
767 @ 20°C in water [105]
.0502 @ 25°C [117]

Reed and Wightman (1984).
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Clay-organic interaction data: Mortland and others (1963), Russell (1965).

Solubility: Soluble in ethanol, other organic solvents. Very soluble in
cool water. [10],[105]

89.5 wt% in water @ 0°C [104]
89.9 wtg in cold water [105],[10]
53.1 wt$ in water @ 20°C [104]
51. wt% in water @ 20°C [32]
44 .0 wts in water @ 28°C [104]

7.4 wt$ in water @ 100°C [105]
13.2 wt$ in ethanol @ 20°C [10],([105]
20.95 wt$ in ethanol @ 0°C [7]
29.3 wt% in methanol @ 0°C [7]

Form: Colorless gas. Liquified by compression for shipping. Extremely
pungent, suffocating odor. [51],[107]

Use: As a nitrogen source for many nitrogen-containing compounds;
refrigerant; petroleum refining and chemical industries; in the production
of many drugs and pesticides, ammonium sulfate and ammonium nitrate for
fertilizers; manufacture of nitric acid, soda, synthetic urea, synthetic
fibers (cupramonium rayon and nylon), dyes, and plastics; copper, nickel,
and molybdenum ore extraction and purification; in dilute forms as
household cleansing agent; developing diazo film; rocket fuel; yeast
nutrient; sulfite cooking liquors; solvent in manufacture of textiles,
leather, and pulp and paper processing. Ammonia is a combustion by-product
of coal, fuel oil, natural gas, butane, propane, wood, forest fires. Third
highest volume chemical produced in U.S. in 1975.

[(107],[56],[104],[22],[32]

Fire and explosion hazard: Low
Flash point: unknown
uel: 25% [51],[105]
27% [10],[107]
lel: 16% [51},[105]
15.5% [10]
15% [107]
Autoign. temp.: 651.1°C [51],[105]1,[107],[32]
Nonflammable gas. Low fire hazard because it is difficult to light when
exposed to heat or flame. Requires high concentrations before catching
fire. Moderate explosion hazard when exposed to flame or in a fire. H3N +
air can detonate in a fire. Emits highly toxic fumes of HsN and NOx when
heated to decomposition. Fight fire by stopping flow of gas or liquid if
possible. Cool exposed containers and protect persons effecting supply
shutoff with water. Let fire burn. Do not extinguish burning gas if flow
cannot be shut off immediately. [51],[107],[55]

Incompatibility: Strong oxidizers; acetaldehyde; acrolein; boron; HC1lOs;
chlorites; chlorosilane; Cu; (ethylene dichloride + liquid ammonia);
ethylene oxide; galvanized surfaces; hexachloromelamine; (hydrazine +
alkali metals); HBr; HOCl; hypochlorite bleaches; Nz0,; NClz; NF3; OF3;
P20s; P203; picric acid; (K + AsHj3); (K + PH3); (K + NaNOz); potassium
ferricyanide; potassium mercuric cyanide; AgCl; (Na + CO); Sb; S; SCly;
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tellurium hydropentachoride; trichloromelamine; boron halides; ethylene
oxide; NO2Cl; gold(III)chloride; CrOz; ammonium peroxo disulfate; (Oz +
Pt); AgNOs; AgzO; SbH3; SOCl,. WARNING: ammonia reacts violently, or
produces explosive products, with all four halogens and with some of the
interhalogens such as bromine pentafluoride, chlorine trifluoride. It
reacts with some heavy metals and their salts (i.e. mercury, silver, gold)
to produce materials of a sometimes unknown composition that are shock-
sensitive and may explode when dry. At ambient temperature, ammonia gas
reacts exothermically with calcium, but if warmed the latter becomes
incandescent. Reaction of ammonia with 2-nitro, 4-nitro or 2,4-dinitro
chlorobenzene may result in violent runaway reactions producing high
internal pressures causing rupture of equipment. Reaction with tellurium
tetrabromide or tetrachloride forms tellurium nitride which explodes on
heating. Thiotrithiazyl chloride rapidly absorbed ammonia gas and then
exploded. A heated mixture of stibine and ammonia explodes.
Tetramethylammonium amide decomposes explosively at ambient temperature in
the presence of ammonia. Thiocarbonyl azide thiocyanate reacts explosively
with ammonia gas. Ammonia gas reacts violently when mixed with: magnesium
perchlorate, potassium chlorate, nitryl chloride, dichlorine oxide, chromyl
chloride, chromium trioxide, trioxygen difluoride, nitric acid, hydrogen
peroxide, ammonium persulfate, nitric oxide, nitrogen dioxide, pentaborane,
boron trihalides, chlorine azide or chloroformamidinium nitrate.
(51],([107],[56],([32],[55]

Handling: Avoid sparks near air and gas mixture within explosion limit
range. Wear protective clothing to prevent skin contact with the liquid or
solutions >10 wt% ammonia (butyl, natural rubber, neoprene, nitrile or PVC
apron, boots and gloves; splash-proof safety goggles). Gas-tight chemical
goggles and appropriate respirator or self-contained breathing apparatus
required to prevent eye contact and inhalation of the gas. Facilities for
eye wash and quick body drenching should be available. Store at ambient
temperature for pressurized ammonia; low temperature for ammonia at
atmospheric pressure. Withdraw gas from cylinders in well-ventilated area
or fume hood. Cylinder temperature should not exceed 52°C (125°F). Use
with equipment rated for cylinder pressure, and of compatible materials of
construction. Close valve when not in use and when empty. Make sure
cylinder is properly secured when in use or stored.
[107],([561,[53]1,[32],[55]

Health effects: Ammonia is considered a poison and is corrosive. Routes
of entry are inhalation of gas, ingestion, skin absorption, and eye and
skin contact. Points of attack include lungs, respiratory system, and
eyes., Material is extremely destructive to tissue of the mucous membranes
and upper respiratory tract, eyes and skin. Inhalation may be fatal as a
result of spasm, inflammation and edema of the larynx and bronchi, chemical
pneumonitis and pulmonary edema. Symptoms of exposure are tearing and
burning of the eyes, runny nose, conjunctivitis (swelling of the eyelids),
nose and throat irritation, coughing, chest pain, dyspnea, and vomiting.
Vapors cannot be tolerated even at low concentrations. Contact of liquid
or solid with skin causes first degree burns on short exposure and second
degree burns on longer exposure. Corneal ulcers have been reported after
splashing ammonia water in the eyes. Ammonia is a common air contaminant.
[51],(56],[6],[55],[119]
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Toxicity: Moderate

TWA: 25 ppm (18 mg/m3) [1]

STEL: 35 ppm (27 mg/m®) [1]

CL: 50 ppm (35 mg/m®) [51],[56]

IDLH: 500 ppm (350 mg/m®) [107],[56]

Peak: wunknown

Odor threshold: 46.8 ppm (33 mg/m?) [107]
0.5-70 ppm (0.4-50 mg/m®) [104]
20 ppm (14 mg/m?®) [7]
1-5 ppm (0.7-3.5 mg/m3) [32]

Carcinogenicity: wunknown

Mutagenicity: wunknown

Exposure:
External:
Non-lethal: 140 ppm -- eye and respiratory tract irritation [51],[32]
100 ppm -- eye and nasal passage irritation (7]
400-700 ppm (280-490 mg/m®) -- severe eye, nose and throat
irritation which may result in permanent injury if
prompt measures are not taken [107]
10000 ppm -- mildly irritating to moist skin [32]
30000 ppm (21000 mg/m3) -- skin burns and vesiculation [32]
Lethal: unknown

Oral:

Non-lethal: unknown

Lethal: 132 mg/kg body wt. -- death of an adult male [51]
Inhalation:

Short-term Inhalation Limits: 50 ppm (35 mg/m®) for 5 min [107]
Non-lethal: 20-32 ppm -- irritation for some persons [51],[32]
>25 ppm (18 mg/md) -- unsatisfactory [107]
134 ppm -- irritation of eyes, nose and throat [32]
2500-6500 ppm (1.7-4.5 g/m®) -- dyspnea, bronchospasm,
chest pain, pulmonary edema which may be fatal [32]
Lethal: 30000 ppm (21 g/m3®) for 5 min -- death of an adult human [51]
5000-10000 ppm (3.5-7 g/m%) for a few min [6],[7]
1700 ppm (1180 mg/m?) for 30 min [7]



Aniline

Syn:

CgH/N

Aniline - 97
CAS RN: 62-53-3

Aniline * Benzenamine * Aminobenzene * Aminophen * Aniline oil *

Arylamine * Anyvim * Benzene, amino * Benzidam * Blue oil * C.I. 76000 *
C.I. oxidation base 1 * Cyanol Krystallin * Kyanol * NCI-C03736 *
Phenylamine * RCRA Waste Number U012 * UN 1547 (DOT) *

Molecular formula: CgHs-NHj

Physical properties:
Relative molecular mass:
Specific gravity:

Boiling point:

Melting point:

Refractive index:

Vapor pressure:

Vapor density:
Evaporation rate:

Relative dielectric permittivity:

Loss tangent:
Relaxation time:
Thermal conductivity:

Electrical resistivity:

Critical temperature:

Primary Aromatic Amine

93.1283
1.0235 [22]
1.02173 [105], [49]
1.0217 [10],[106]
1.022 [107],[10],[48],[32]
1.02 [51],[104]

184.4°C [49],[10]1,[51],[22]
184.2°C [107]
184 .0°C [105],[56],[104],[48],([32]
-6.3°C [105],[106]
-6.2°C [51],[48],[22],[32]
-6.1°C [107]
-6.0°C [104]
-5.98°C [10],[49]
1.5863 [105],[22],[106]
1.58628 [49]
1.5855 [10]
0.04 kPa @ 20°C (0.3mm) [104]
0.08 @ 20°C (0.6mm) [32]
0.065 @ 25°C (0.489mm) [23]
0.0895 @ 25°C (0.671mm) [49]
0.13 @ 34.8°C (1lmm) [105],[51]
0.13 @ 35°C (1mm) [104]
3.22 [51],[104],[32]
<1.0 [32]
7.06 @ 17°C (3 MHz) [2]
7.20 @ 20°C (3 MHz) (2]
7.06 @ 20° (1.8MHz) [2]
6.89 @ 20°C (10],[105],[11]
6.77 @ 25°C [2]
7.06 @ 25°C (1.8 MHz) [2]
6.71 @ 30°C [49]
5.93 @ 70°C [105],[11]
5.932 @ 70°C (180 MHz) [2]
4.54 @ 184.6°C [105]
unknown

unknown
0.1708 W/(m-K) @ 12°C [10]
0.172 @ 0°-50°C [48]
0.1774 @ 16.5°C [105]
0.417 MOhm-m @ 25°C [10],[49],[11]
0.122 @ 35°C [11]

426 .0°C [49],(10]
425.6°C [105],[107]
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Critical pressure:

Dynamic viscosity:

Kinematic viscosity:

Surface tension:

Contact angle: [18]

quartz
calcite
biotite

Ca-mont.
Na-mont.

52.
52.

5.
13.
10.

-
COHFHMFHHFHFFEFNNNWWWARPUANOVOWOORHMHFEFNNONNMNWWWESEP OO O®

[V ol
WNNDNDWS

5 MPa
39
31
8 mPa-s @ -6°C
2 @ 0°C
.06 @ 5°C
.50 @ 10°c
.31 @ 15°C
.43 @ 20°C
.40 @ 20°C
71 @ 25°C
.23 @ 30°C
.16 @ 30°C
.79 @ 35°C
71 @ 35°C
.37 @ 40°C
.85 @ 50°C
.51 @ 60°C
.27 @ 70°C
.09 @ 80°C
.935 @ 90°C
.825 @ 100°C
.5 um?/s @ -6°C
.98 @ 0°C
.89 @ 5°C
.36 @ 10°C
.20 @ 15°C
.33 @ 20°C
.31 @ 20°C
.63 @ 25°C
.16 @ 30°C
.09 @ 30°C
.73 @ 35°C
.65 @ 35°C
.32 @ 40°C
.81 @ 50°C
.48 @ 60°C
.24 @ 70°C
.07 @ 80°C
.915 @ 90°C
.807 @ 100°C
.1 mN/m @ 10°C (air)
.38 @ 19°C
.9 @ 20°C (vapor)
.79 @ 25°C
.01 @ 32°C
A @ 50°C (air)
sessile  advancing
38 38
46 48
41 43
0 0
swelled swelled

[105], [107]
[49]

[10]

[105]
[105], [48]
[105], [48]
[105], [48]
[105], [48]
[48]
[10],[105]
[105], [48]
[48]

[105]

[48]

[105]
[105],[48]
[105]
[105]
[105]
[105]
[105]
[105]

[105]
[49]
[105]
[49]
[49]
[105]

receding
24
26
21

0

swelled



Thermal expansion coefficient: 0
Compressibility: 0
0
0
0
0
0
0
0
0
0
0
0
0
Vapor diffusivity: 6
7
Solution diffusivity: unknown
Electric dipole moment: 5

5
Ionization potential: 7
Magnetic volume susceptibility: -8.

Speed of sound: unknown
Heat of melting: 10.
Heat of vaporization: 47.
44

44

42,

Heat of sublimation: 55.
Heat capacity @ 25°C: 0
0

0

0

Heat of combustion: -3398
-3391

Heat of formation: 31
31

86

Gibbs (free) energy: 149
166

Analytical chemistry: pPoct = 0
0

0

PKs = unknown

pKa = 4

4

pKen = 9

4

4

Henry’'s law constant = unknown
Hydrolysis half-life = unknown
Half-1ife in soil = unknown
Half-life in ground water = unknown

Aniline - 99

.00085 K1 @ 20°C [48]
.408 nPat @ 0°C [105]
.430 10°C [105]
.453 20°C [105]
.467 25°C [105]
.504 40°C [105]
.522 45°C [105]
.533 50°C [105]
.564 60°C [105]
.584 65°C [105]
.597 70°C [105]
.632 80¢°C [105]
.656 85°C [105]
.670 90°C [105]
.1 uym?2/s @ 0°C in air [47]
.5 @ 30°C in air [47]
.104x107%0 C-m [105],[10]
.04x10730 [49]
.7 eV (PI) [105]
68x107% SI units @ 20°C [105]
55 kJ/mol [105]1,[10]
343 kJ/mol [105]
560 [10]
530 [49]
9 [107]
789 kJ/mol [10]
.1934 kJ/ (mol-K) (liq) [105]
.1922 (liq) [10]
.19101 (liq) [49]
.1085 (gas) [10]
.4 kJ/mol @ 20°C (liq) [105]
.1 @ 25°C (liq) [49]
.61 kJ/mol @ 25°C (liq) [10]
.25 (liq) [49]
.92 (gas) [10]
.2 kJ/mol @ 25°C (liq) [10]
.8 (gas) [10]
.98 [104],[21],[27]
.90 [104},[23],[21]
.85 [21]
.596 [23]
.63 @ 25°C [105]
.42 [11]
.60 @ 25°C in water [49]
.606 @ 25°C in aqueous HC1 [49]



100 - Aniline

Electrochemical data: Meites and Zuman (1977), Meites and others (1977a),
Meites and others (1982), Lines (1983).

Clay-organic interaction data: Aniline increases hydraulic conductivity of
clay soils (Anderson and Brown, 1981, Anderson and others, 1981, Briggs,
1981, Brown and others, 1984, Evans and others, 1985, Furukawa and
Brindley, 1973, Greene-Kelly, 1955, Heller and Yariv, 1969, Pillai and
others, 1982, Tennakoon and others, 1974, Yariv and others, 1968, 1969).

Solubility: Slightly soluble in water. Soluble in carbon tetrachloride,
ligroin. Miscible with hot water, ethanol, ether, acetone, benzene.
[10],[49],[104]

3.4 wt% in water [104]
3.6 wtg in water @ 18°C [10]
3.38 wts @ 25°C in water [49]

Form: Colorless oily liquid. Rapidly becomes pale brown on exposure to
air and light. Characteristic, peculiar, aromatic amine-like odor.
Commercial grades are 99.5% pure. [56],[51],[22]

Use: One of the most important of the organic bases; the parent substance
for many dyes and drugs; intermediate in the synthesis of dyestuffs;
manufacture of rubber accelerators and antioxidants, pharmaceuticals,
marking inks, tetryl, optical whitening agents, hydroquinone for
photographic processing, resins, varnishes, perfumes, shoe polish, many
other organic chemicals; herbicides, fungicides, phenolics; petroleum
refining. [107],[56],[22],[32]

Fire and explosion hazard: Moderate.
Flash point: (CC) 70°C [107],[51],[32]
(CC) 76°C [49]
(0C) 75.5°C [107]
uel: 11% [107]
lel: 1.3% [107],[51],[32]
Autoign. temp.: 615°C [51],[32]
770°C [107],[10]
Flammable liquid. Moderate fire and explosion hazard when exposed to heat
or flame. Emits highly toxic fumes of CO, CO, and NOy when heated to
decomposition. Fight fire with alcohol or polymer foam, COz, dry chemical.
Stop discharge if possible. Cool exposed containers with water. [51],[107]

Incompatibility: Strong acids; strong oxidizers; bases; acetic anhydride;
chlorosulfonic acid; hexachloro melamine; HNO3; (HNO3; + N0 + HzS0,);
(nitrobenzene + glycerine); oleum; Oz; (HCHO + HC10,); perchromates;
performic acid; Kz0;; B-propiolactone; AgCl0O,; Naz0z; HzS504;
trichloromelamine; BCls; nitromethane; peroxydisulfuric acid; peroxo mono
sulfuric acid; Fz; FNOj; FO3Cl; diisopropyl peroxy-dicarbonate; N-
haloimides; trichloronitro methane. [51],[56],[119]

Handling: Avoid heat, flame, sparks, and other sources of ignition. Wear
protective clothing and eye protection to prevent skin contact (butyl,

natural rubber, neoprene, or nitrile suit, gloves and boots; splash-proof
safety goggles). Contaminated clothing should be removed immediately and
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not re-worn till the aniline is removed. Appropriate respirator or self-
contained breathing apparatus required. Use in well-ventilated area (fume
hood). Facilities for eye wash and quick body drenching should be
available. Keep container tightly closed. Store in cool, dry, well-
ventilated, flammable liquid storage area or cabinet. Store in secure
poison area. [32],[53]

Health effects: Aniline is a poison. Routes of entry are inhalation of
vapors, percutaneous absorption of liquid and vapor, ingestion, and skin
and eye contact. Points of attack include blood, cardiovascular system,
liver, kidneys, eyes, and upper respiratory tract. The most important
action on the body is the formation of metahemoglobin, with the resulting
anoxemia (lack of oxygen in the blood) and depression of the central
nervous system. Onset may be delayed 2 to 4 hours or longer. Local effect
of liquid aniline is mild irritation of the eyes and skin with possible
corneal damage. Vapor or mist can be irritating to the eyes, mucous
membranes and upper respiratory tract. Symptoms following acute exposure
are discoloration (cyanosis) of fingertips, cheeks, lips and nose, nausea,
vomiting, headache and drowsiness followed by delirium, coma and shock.
Chronic exposure may result in loss of appetite, loss of weight, headaches,
visual disturbances, irritability, paleness, dizziness, and skin lesions.
A common air contaminant. [51],[107],([32],[116],[119]

Toxicity: High.

TWA: 2 ppm (10 mg/m®) (skin) [1]

STEL: no value set [1]

CL: unknown

IDLH: 100 ppm (380 mg/m®) [56],[107]

Peak: unknown

Odor threshold: 0.01-0.5 ppm (0.04-2.0 mg/m®) -- detection [104]
0.1-1.3 ppm (0.4-5.0 mg/m®) -- recognition [104]
0.5 ppm (2.0 mg/m®) [107]
0.5-7 ppm (2.0-27 mg/m®) [32]

Carcinogenicity: possible [51]; suspected [116]
potential human carcinogen (IARC) [32]

Mutagenicity: possible [51],[55]

Exposure:
External:
Non-lethal: wunknown
Lethal: wunknown
Oral:
Non-lethal: wunknown
Lethal: 150 mg/kg body wt -- death of an adult male [51]
357 mg/kg body wt -- death of an adult human [51]
50-500 mg/kg [107]
Inhalation:
Short-term Inhalation Limits: 50 ppm (190 mg/m3) for 30 min [107]
5 ppm (20 mg/m3) for 8 hr [107]
Non-lethal: 7 ppm (27 mg/m®) -- slight symptoms [32]
>10 ppm (38 mg/m®) -- unsatisfactory [104]
20 ppm (75 mg/m3) -- symptoms of illness may begin [104]
80 ppm (300 mg/m3?) for 60 min -- severe toxic effects [104]
Lethal: wunknown



102 - Aroclor 1260 (PCB 1260)
Aroclor 1260 (PCB 1260)

Syn:

(C12H10-x)C1x

CAS RN: 11096-82-5

Aroclor 1260 * Chlorodiphenyl (60% Cl) * Chlorphen A60 * Kanechlor *

PCB-1260 * Phenochlor DP6 * Polychlorinated biphenyl * Polychlorobiphenol *

UN 2315 (DOT) *

Structural formula:

nCl—C—
Physical properties:
Relative molecular mass:

321.

Specific gravity: 1.
1.

1.

Boiling point: 340.
Melting point: 31.
Refractive index: 1.
Vapor pressure: 5.
2

Vapor density: NA
Evaporation rate: NA

Relative dielectric permittivity: 4.

3.
Loss tangent: unknown
Relaxation time: unknown
Thermal conductivity: unknown
Electrical resistivity: unknown
Critical temperature: unknown
Critical pressure: unknown
Dynamic viscosity: unknown
Kinematic viscosity: unknown
Surface tension: unknown
Contact angle: unknown

Thermal expansion coefficient:unknown

Compressibility: unknown
Vapor diffusivity: unknown
Solution diffusivity: unknown
Electric dipole moment: unknown
Ionization potential: unknown

e
O @)

——C——nCl

Polychlorinated Hydrocarbon

varies (375.7 for PCB 1260)

Magnetic volume susceptibility:unknown

Speed of sound: unknown

Heat of melting: unknown

Heat of vaporization: unknown

Heat of sublimation: unknown

Heat capacity @ 25°C: unknown

Heat of combustion: unknown

Heat of formation: unknown

Gibbs (free) energy: unknown

Analytical chemistry: pPoct = 7.
6.

to 460 (average is 370) [41]
4-1.5 [22]
3-1.8 [107]
44 @ 30°C [51]
-375°C [51]
°C [41]
627-1.649 [108]
40x107® kPa @ 25°C (4.05x1075mm) [8]

.7x1078 @ 38°C (2x10 7mm) [41]
3-5.6 @ 25°C [108]
7-4.9 @ 100°C [108]
14 (est) [8],[31]
91 [41]
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6.72 for C12H4C15 [21]
5.58 for CygHgCl, [21]
4.52-6.70 [27]
4.34-7.50 [113]
pPKs = NA
pKa = NA [31]
pKer = NA
Henry'’s law constant = 0.719 kPa-m®/mol [41]
0.01723-0.7224 [113)]
Hydrolysis h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>